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PREFACE

e
\

This Summary Report coﬁtains, in greatly abridged form, the major
findings and recommendations of the British Columbia Mathematics Ass-
essment. A more coﬁblete rendering of the results of the Assessment
may he found in the three other reports in the series: Report Number 1,
TestiResults, Report Number 2, Teacher Questionhaire;,and Report Number
3, Technical Repoft. Coples of all of these reports ate available upon
request from the Learning Assessment Branch, Ministry of Education.

Many people contributed to tﬁ% Assessment in various ways, dnd
their contributions were greatly appreciated. The teachers of mathe-
matics throughout the province and their students completed the Assess-
ment tests and questionnaires. Members of the Mathematics Curriculum

.Revision Committee, the Review Panels, the Interpretation Panels, and

ERI

Aruitoxt provided by Eic:

,

the staffs and students'of the pilot schools assisted in the development
of the objectives of the Assessment and of the student tests. The staff
of the B.C. Research Council provided highly profe551onal and expert
technlgal services to the Contract Team in all phases of the project.

The staff of the-Learning Assessment Branch provided guidance, encour-
agement experience, anq enthusiasm. All of the members of the Manage-
ment Committée gave generously of. their time and expertise throughout

the almost fifteen month duration of the project. As one of the Manage-
ment Committee members said, "The pay was short, but the hours were ldng.

"

* Special, thanks and recognition are due to my %riends and co;leagues,
James Sherrill, Heather Kelleher, and John Klassen. As members of the
Contract Team which was responsible for the Mathematics Aé%essment they
made an invaluable contribution. Their willingness to .work hard, and
their unquestioned expertise in the field of Mathematics Educatipn made
the task considerably easier than it might otherwise have been.

v

David F7 Robitaille
Faculty of Education ~
University, of British Columbia

£
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. particular are design

. generated by the. Mathematics Assessment will assist school districts in

. and learning of mathematics. |,

-

. _ HIGHLIGHTS OF THE .MATHEMATICS ASSESSMENT

v

‘In. the spring of 1977, over one hundred thousand students from Grades
4, 8, and 12 wrote the tests prepared for the 1977 British Columbia Mathe-
magiss Assessment. In addition, almost three thousahd teachers of mathe-
matics at seven different grade levels (13} %, 4,.7, 8, 10, 12) complgted
comprehensive questionnaires dealing with numerous aﬁpelts of the teaching
and.learning/of mathematics. : ’ ' y )
f ~ - . ‘ . -
The'’ Assessment .Rrpgram in general and the Mathematics Assessment in
Rza to inform the publicf{of some of the strengths and
weaknesses of the public school system in this province. The information .

maintaining identified strengths and overcoming weaknesses. It is hoped

that curriculuf® deyelopers and curriculum revision committkes will be able

§o make sise of these results in the process of improving curricula and de-
veloping §uita le resource materials. Such information could be used in

the allocation of rgsources and in the planning of teacher education prq-

grams at both the provﬁnéial and district Ievels. Furthermore, the data .

bank produced by the assessment should be of -great value to educational ~
researchers as a sourde of. researchable questions concerning the teaqhiag~\\\\ .

L )
4. . ‘ ' .
. { t .

. . . L .

The student tests were designed to measure students' mastery of a
limited nunlber of important mathematical skills and concepts at each of
three levels: end of primary education’ (Grade 3), end of elementary edu-
cation (Grade 7), and end of .public schooling (Grade 12). ’® Since mathematics
is not a compulsory course beyond.Grade‘lo, the gontent of the Grdde 12 test
was restricted}to the. Grade 10 level or below. K '

. v . ) . ’ .o
The tests were .ddministered to studen eéntolled in Grades 4, 8, and 12
regardless of the nature of the mathemapics course they werg{takihg, if any. .
The tests were not tests of any particular deurse but rather of students'

mastery of a number of essential mathematical.skills and concepts. For that
reason, the resuéﬁs presented here should not be used to describe the success

or failure of a particular course, nor should they be interpreted as.bejng '
degree of!izziaredness for fuéther studies in mathe-

1ndic§§ive of students'\
matics at the post-secondary level.,

The test results were judged by:Intggpreq?tioq Pamels'consisélng of ~j
educators, school, trustees, and other members of the general public which
were constituted by the.Minisﬁﬂy of sEducation for that purpose. ;J'

. v

At the Grade 12 level, the student population was divided into three sub-

.populatiods for a numh@r of the analyses because~“of differences in mathematical .

background amorf the' students. One group consisted of thoSe students who were
taking or had taken their twelfth year of mathematics (Mathematigs 12); 'the -
second group comsisted of those who were taking gr had taken their eleventh
year of mathematics (Mathematics 11); and:the third Segment of the Grade 12
population consisted of those gtudents who were taking ®r had taken their -

"tenth year of mathematics (Matthematics 10). . L. . Vo )

L N :
}A ot . ’ 0"‘:(/ b ) , / “~
. . . A 4

.
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Among the major findings of:the Mathematics Ase#essment are the following:

\
-

e, Grade 12 students who have taken twelve years of mathematics ‘did extremely
. well on all ‘portions of the test., As a group, .their scores averaged between’
seventeen and twenty-five, percent better‘than Grade 12 students with eleven
AT B years of mathematics and between thirty-féur and thirty-eight percent better
‘ than those with ten years of mathematics.

Grade 12 students'who have taken dnly the minimal Tequirement of ten years,
; of mathematics (about 15% of the Grade 12 population) geperally performed
poorly“on all portions of the test, incluBiing those questions relating to
, consumer applications of mathematics. This information is noteworthy be-

cause over one-third of this group ‘indicated that they plan, to ¢nter the,
- labor market - ‘upen completion of Grade 12.

\Y : Computational ‘Skills and Knowledge ™~ ' ' /

At all three grade levels, most students exhibited a generally satisfactory
evel of.ability to add, subtract, multiply, and divide’. Grade/Year 4 .
tudents', performance on dubtraction of whole numbers was, less than com-
letely satisfactory, particularly on items requiring regrouping (borrowing).

. *

2
. *

) Students at all three levels performed satisfactorily on most 1tems,peasur—

o i ing knowledge of mathematical.symbols and terminology. . , i

| Y ' . .
*é\Grade 8 and 12 students perform#Lce on items requiring them to express a

number given as a decimal, fraction or percent in one of the othgr forms
Y was less than satisfactory..

i

-

. Comprehension of Mathematical Concepts .

* “Grade/Year 4 students performed{poorly on two items asses$ing cbmprehension

PO of fraction concept#, and it was concluded that such concepts may be too
. abstract for many students at this level '

. : * ¢
) - * .

* Some areas of weakness weréfnoted'at the Grade 4 and 12 levels in students'
4 familiardty, with ‘the Tetric system of measurement. \ L
- * Comprehension of geometric concepts was generally rather weak at Crédes 8
. » and .12. ! — .
. - , ~
Applications ) At RO

! = . :

. ¥ Students in Grade 4 and 8 did rather wéll~in—pr93l em-solving and this is a

i commendable result given the difficulty of the tqpic. The Grade 12 problem-
solving results were disappointing on the whole, and seem to indicate that
many students are unablée to apply the computational skills,they have learned ~
to the solution of problems. Problems- dealing with geometry and measurement
, . seemeﬂ te cause the most difficulty. )

¢ ]




* A number qf.the application items on the, Grade 12 test concerned consumer
. mathemafics. Results were rated as satisfactory or better on items
dealing with buying a car on credit, firiding an average, usiing the concept
. of discount, interpreting a ‘graph, and interpreting road maps. Results on
items dealing with applications of the formula for simple interest, selec- )
ting the best purchase, and reading an income tax table were rated margin- ‘
ally satisfactory. ' -

R - . . o

\ v

y A number of factors are either known or are suspected o% be¥ng related to -
students' performance in mathematics. The following findings are based upon
trends which are*apparent from the data, but should not be interpreted as
necessarily implying the existence of cause-and-effect relationships between
variables. Follow-up studfes designed to explore reasons why theé following - .
trends have emerged would be in order. - )

7

* The Assessment - data show that among children born in 1967 who took the
Grade/Year 4 test, those born between January and March outperformed other '
stiudents. A student's age, therefore, may be one of the faktors contributing
to the range of individual differences confronting teachers of mathematics,
particularly at the primary,le%el. . S e ' . o b
Female students outperformed males on most of ‘the computation objectives’ .
on all three tests, while males outperformed females on all of the problem- .°
solving objectives. Most such differences, whether in favour of males’ or
femalesy were small. .o - ’ . . -
! . ) ’ ' i /-s !
-~ -
* Almost sixty-five percent of the students who took only the minimpal re-
. quirement of ten years of mathematics are female. On the other hand, about

\K_ sixty percent of those students taking twelve years of mathematics are male. o
Students who were not born in Canada and for whom English is not a first .
language, did better thaf Canadian-born students for whom English is the
% first langﬁage on all three sections of the Grade 8 and. 12 tests. This was

not the case.amogg Grade/Year 4 students, where the CanadI// -born, English-

speaking group o tained the better result on two of the three sections. - ’

* % Generally speaking, Grade 12 students' performance on the ‘test was posi-
d tively correlated with'thelr parents' level oukbchooling That is, in
general an increase in student achievement was associated with an increase
in the highest level of schooling®attained by the parents .
* Of six groups establishéd on the basis of studentg future plans, the one
consisting of students planning to seek employment upon completion of Grade .
12 had the weakest results. Ezudents planning to attend university had the &
highest results. N
* Grade 8 and 12 students who use hand-held calculators in school, at home, —
or for homework outperformed those who did not. This result was reversed
at Grade/Year 4 for students who useq hand-held calculatots at sghool or
for homeworks




. M [y - . : >
<

N
% Students’in'Grade.8 and 12 who sperd some time on mathematics homework, but
7. less than thirty minutes per day, obtained higher results than those who )

N .

<Y spend more time or no time on’ such assignments. ) s o
L .

~ -

* At the Grade A‘and 8 levels results indicate .that an increase in the number:
of éshools attended by a student is associated with a deécrease in peerr—

" ) ° mance. No consistept trend was evident at the Grade 12 level. )

v T .

* There was a slight,but consistent increase in performance on the Grade/Year -
test associated with an increase in@mount of ‘television watched per day,
»up to four hours per dgy. At the Grade 8 and 12 levels, a general decrease
in performance was associated with an increase in amount of television . N
watched. - . . . )
.~ £ . .

Among the major findings from the Teacher Questlonnaire ddta are the

following ) . . . ) .
’ . R . ..
. . ) . . .
* The average elementary teacher has had four yéars of professional training
. and overafigﬁf/yeats of teaching experience. Among secondary teachers of <
athematics, the corresponding figures are five and nine years respectively. -
3 N - ‘\\ N * [}

* ‘About twenty—five percent of teachers of elementary mathematics have takén :
no post- secondary courses in mathematics, and about foyrteen percent haye
had no tra1n1ng in the teachlng of mathematics.

. + . .

v * Grade 8 mathemgtics classes are larger on the average than at any of the . .
other six .levels surveyed and over twenty-five percent of the teachers of -
mathematics at this level have never "taken a course in methods of- teaching '

mmathematics. Almost f1fty percent of teachers of ‘Grade 8 mathematics did
got have mathematics’ as a maJor area of study in un;versity.
$ . :

* * % yThe rate of membership in the.B.C. Association of Mathematics Teachers is
axtremely low; about three percent of elementary teachers and twenty-eight
pencent of:xeachers of secondary mathematics belong to this group. -’

v . k-

* Teachers of elementary mathematics ‘consider mathematics to be one of their
" favourife and easiest courses to teach but their opinion is less favourable
. ’ with regard -to learning it. . L,

a
~-

* Insofar as methods used in "the teachinﬁ of mathematics are concerned, no ¢
. recent innovations appear to have gained widespreada?cceptance ‘among teachers. .

. —
.

' * Teachers are gen@%%lly satisfied with the textbooks which they are using,
and they were virtaally utanimous in expressing a desire to have minimal (-
ST * learning objectives fgr each grade 1 vel specified. ) { .
* Teachers of mathematics at all levels were of thé'opinion that redue'tion of
° class:size was a high prgority need. : y . .
A h \\ . . ' - 4. ’ “
* All groups of teachers agreed that elementary students should not be permitted’ K
. to use hand-held calculators in school and that senior secondary student
. *should be. : - . C

ERIC: o ~ R .

i e R ¢ e , “
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1; INTRODUCTION. TO THE MA;ﬂﬁMATICS ASSESSMENT A S L.
In the spring of 1977, students enrolled in Grades 4, 8 and 12 in ) )
the' publie schools of the province of British Columbia took part ‘in an 'y
assessment of student learnings in Mathemati¢s conducted by the Learnin
Assessment Branch of the Ministry of Educatiod. Duwing the same period
approximately 3 500 teachers' of mathematics at seven different grade
levels completed a comprehensive questionnaire dealrng with_ numerous
aspects of the methods and materials used in the teaching of mathematic
in the’province. PR .

“ e

.

- The Learning Assessment Program is longitudlnal in natﬁre, and th
varioud components of the curriculum are scheduled to be assessed™at
regular.intervals. The 1977 Assessment of Mathematics in the province
was_ intended to ce¥lect _baselihe data against which the performance’ of]
students in future assessments could be compared In this way,-it wi I
. be possible to ddmpare ‘students’ performance on subsequent assessment
with the results of this one, therebsy obtaining a measure of the change ;
and the direction of change that has ‘taken place in the interim. /; .
Purposes df the Assessment _:'\ ) . b TN j o

{' . . > CERN

1)

The major principle underlying the entige Leafn1ng>2§séssment ’rogram .
is. that decisions about education should be-'based upon ‘knowl€dge off what e |
and how students are learn1n Educaﬂlonal decisions are being made every .
day, decis1ons which affect iilgcgtion of resources, in-service education
of teachers,. teachef training programs, curriculum development and the.
adequacy of various Rrograms. The Mathematics Assessment provide decisian-
makers at all levels with factual and- current information concerging the ..
teaching and learping of mathematics upon.which to base their de isions.
The Assessment Program "in general and th'@ ghematics Assefsment in
particular are designed to inform the public oKjfche of the strengths and
weaknesses of the public school systgm in this p'ovince The information .
generated by the Mathematics. Assessment will ‘assist school ‘districts in ™" ~
maintaining identified strengths and overtoming weaknesses. It is hoped 2
that cupriculum developers and curriculum revision committees will 'be able '
tg\make use of thesge results in'the process of improving curricula and,
developing suitable resource materials. Fur thermore, such information ,
“could be used in the allocation of resources at both the pﬁovincial and‘
district levels. ~
. At the university level, the information generated h@ the Assessment
will be useful in indicating directions for change and/Zmprovement in

!

/

teacher education. , Finally, the information produced by the Assé€ssment (’ D
“+« shopld be of great value to educational résearchers bofh as a data bank

and as a source of researchable queftions concerning e teaching artd ¢
'\ learning of mathematics. K . ) S L

¥ .
~

- - - Y
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. Organization of the Assessment

¢

Several groups participated in the organization and implementation of
the Mathematics Assessment. These groups included the Learning Assessment
Brapch of the Ministry of Education, the Contract Team, the Management
Committee, the B.C. Resedarch Council and several others with whom ‘consul-
tations were held. . .

The Contract Team wéé retained by the Learning Assessment, Branch to
conduct the Mathematics Assessment. The Contract Team's respon31b111t1es
+ included conductlng the Goals Assessment and developing the set of objec-
tives e assessed, constructing the student tests, trying out the tests,
and subsequently revising them, constructing the Teachér Questionnaire, and
writing the final reports of the Assessment. The Contract Team consisted
of two members of the Faculty of E&ueatlon, University of British Columbia, .
a primary teacher who was on leave of absence from the New Westminster
School District, and a teacher of secondary mathematics from the North Vap-
couver School District. . /

” -
\ -,

The role of the Management Committee was to oversee 'the operatlons of
the Contract Team, and to provide guidance and suggestyons regardlng the
various phases of the assessment. Members of the Management Committee in-
cluded two teachers, “a- supervisor of dinstruction, a teacher educator; a
school trustee, the chairman of the Contract Team, and representdtives of
the Learning Assessment Branch.

Working under the direction of the Contract Team, the B.C. Research
Council was responsible for the majority of the techndical and administrative
gaspects of the Assessment. These responsibilities included overseeing the %ﬁi
printing and distribution of the tests, answer cards, and teacher question— A
naires, condptting the data pregcessipf€, and serving as statistical consul-
» tants and advisors to the Contra eam and the. Management Committee, -

Consultative meetings w d.with, several groups. Representatives
‘if the Contract Team met wfth the Mathematics Curriculum,Rev1sion Committee
o discuss aspécts of the ‘Assessment. 'In addltion, Review Panels weré’or—
ganized by the Learning Assessment Branch to_discuss the obJectives to be
tested in the Mathematics Assessment. Such panéié were intended“to be as
widely representative as possible of 'the variots groups interested in ‘the
mathematics aclisvement of students. Flnally, ‘meetings were held and cor-
respondence exchanged with represéntatlves of other assessment programs In
Nor th America, in order that the B. C Mathematics Aséessment‘could benefit
from their experiences. .
N r
Components af the Mathematics(Asgessment i

-

-
»

The Mathematics Aséessment consisted of four major components: the
Goals Adsessment, the Student Tests, the Interpretive Analysis, and _the
survey of Instructional Practices. Each of these is treated in some de-
tail leter in this report as well as in the other reports in the series. -
e
A few descriptive comments about each are included here.

Q ’ y . ‘I 13

>

RIC

Aruitoxt provided by Eic:
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1. The Goals Assessment ) I~

It was not the objective of the Mathematics Assessment to attempt
to evaluate students' mastery of any particular mathematics course. .
Neither was it*the objective of the Assessment to obtain information
on the achievement- of individual students or schools, nor on the per-

- formance of individual teachers of mathematics. It was the objective
of the Assessment o obtain, and to make widely known, information
regarding the?iresent state of mathematics learning on a ,province-wide
basis. In addition, each school distrdct was to be provided with a

ummary of its own results. ‘ . -

.

) The initial and basic decision regarding the Ggals Assessment
was to limit the scope of the content areas of mathematics to be ass-
essed to tﬁbse which most informed obsérvers would agree were among
the essentléi concepts and skills of mathematlcs at the three lewels
ested: end of primary education (Grade/Year 4), end of elementary
education (Grade 8), and end of public SChoolyvg (Grade 12). The
Grade 12 test was not a test of any particular cour'se such as Math 10,
Math Il or Math 12 but rather a test of students mastery_of a number
gf mathematical skills and concepts which, for the most patrp, all stu-
dents could be expected to have acquired upon completion of their pub-
. lic schooling. The content of each item on the Grade 12 test was »
selected from the Grade 10 level or below. Three levels of cognitive
. co behaviour, called domains in the Assessment, each sub-divided ipto a
7 . . number of objectives, made up the basic framework of the Goals Assess-
. ment. o <

-

2. The Student Tests.

A N TesSts were constructed to measure students' masterfkof the objec-
) tives identified in the Goals-Assessment phase. & separate test was
jprepared for each of the thgéé levels involved. For each test, a total
administration time of ninety minutes was allotted: thirty minutes for
instructions, distribution and collection of the test booklets and
Yo answer cards, and sixty minutes for\c5mpIetion of 7ﬁe test.
‘ ‘/ - . ~ “ 1
Pilot testing of the assessment instruments was condutted during
the late fall of 1976 .in several school districts across the province.

ot _ Approximately 250 students at each of the three grade levels involved
T wrote the pilot tests; and their results were used in developing the i
. final forms of the tests. ' - : . (\

With the exception of a portion of the Grade/Year 4 test, all .
of the test items were cast in multiple-choice format with four choices

(or foils) for each item. _In every case, the choices consisted of ’

- four, possible answers tp the item. A fifth choice, the "I don't
, know" option was -used in an, attempt . to minimize guessing and in order
~ to provide an outlet for students who, for one reason or another, had

not been exposed to the material being tested or had forgotten it.
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In an effort to asses$ the development of students' abilities to -
deal with certain concepts and skills, some items appeared on two or
-more of the tests. For example, the same five items dealing with
knowledge and understanding of the units of the metric system of meas-
urement were used on all three tests. In several of the skill areas,
. the same item or items appeared on the Grade 4 and 8 tests, or on the
. Grade 8 and 12 tests. Overall, there were nine items common to the 4
" «,Grade 4 and 8 tests and forty-three items common to the Grade & and 12
. tests. Of this numbey, five items were common to all three tests.

The International System o6f Unlts (SI) was utilized for all test 4
items involving measurement; no items contalned British or Imperlal
units of measurement. The decision to'use the metric system of mea- - _
surement exclusively did restrict, to some degree, the number and the
nature of problem-solving items 1nvolv1ng measurement concepts. For .
example, it was felt that including items dealing with the purchase
* of consumer goods such as carpeting,’ or building materials, or the
like, in terms of metric units of area or volume would make such items
. dﬁpegr overly unrealistic and unfamiliar since these terms and units
: are not yet in widespread use by consumers in _Canadian *society. On
" the othervhand since the curriculum guide does eall for implementation -
of the metric system of measfirement in the schools, any reference 60}
' ’ the British system was avoided. - ‘ P : . ' -
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3. Interpretive Analysis N
i Since this was the first major Mathematics Assessment to be conducted
by the Learning Assessment Branch, there was no baseline information
available for making judgments about the results. To assist in inter-
preting" the results, Interpretatlon Panels were used to assess the

student test data. . .

[
- ’
.

Three fifteen—membé% Interpretation Panels, one for each of the
three-grade’ levels involved, were constituted by the Learning Assess-
ment Branch. Each Panel consisted of seven teachers of mathematics
at the particular grade level, two supervisors of instruction, two
teacher educators, two school trustees,'and two members of the public
at large.

.

. r~— ¢ .

- : Panelists were asked to take the test for their respective grades
(4, 8 or 12) and to consider for themselves, without seeing the results,
what“the student performance on each test item should have been. All

¥ three Panels then convened in Vancouver in early June 1977 in order to

. ' interpret the test results. 1In an effort to obtain agreement among the

panel members and yet give each panelist every opportunity to influence

the final optcome, a four-stage procedure was followed. Each panelist
first interpreted the results individually, then they worked in pairs,
in groups of five, and, finally, as a Panel of fifteen.

+
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Student performance on eagh tesf item was assigned a rating by
thé Panels. The five rating categories used were: 4

v

a) Strength ' . .

b)/ Very satisfactory i

c) Satisfactd&y -

.d) Marginally satisfactory . \

e) Weakness .

Information gained from the deliberatidns of the Interpretation

Panels was used by the authors of the qssessment reports in commenting
, upon the results of the assessment. w%ltheugh the procedure used does

lack' some of the air of precision att¥ibuted to strictly numerical

comparisons, the' wealth of experience which the members of the panels

‘brought to bear upon their examination ani/;nterpretation of"fhe re-

d

sults gives their ratings considerable credibility .

4, 1Instructional Practices ﬂ/f/ﬁha N

»

Two questionnaires, one for teachers of elementary school mathe-
matics and the other for teachers of secondary schgol mathematlcs,
were developed for use in-the Mathematics Assessméit Thé question-
naires, which were completed anonymously, dealt with various aspects
of the teachers' backgrounds and training as well as with facets of
the methodology of teaching mathematics at different levels and with °

1nstruct10nal materlals used by teachers of mathematlcs.
N 3

-

Student Characte;istics as Rgporting Categories -

a) ﬁathématics background (12)

<

A number of factors are either known to be or are suspected of be1ng
related to students' performance in mathematics. While it would not be
possible to identify a causal relationship betwéen a given student char-
acteristic and performance on the assessment.test as'a part of the Mathe-
matics Assesément, it is possible to identifiy variables which appeat to -
be related on the basis of the data collected. Relationships so identi-
fied may lead to follow-up studies specifically designed to identify cause
and effect relationships on the basis of the correlational resul'ts dis-
covered 4in the assessment program.

. - -
As a part ok each of the three Mathematics Assessment tests, students
were asked to report on several aspects of their personal backgrounds. A

. list of the variables on which data were collected in the Mathematics

Assessment 1s given below. The grade levels ‘at which each item was included
are listed parenthetically. ~

-

b) Date of’birth (4, 8, 12) ,
c) Sex (4, 8, 12) )
d) Number of schools attended (4, 8, 12)

e) Residence in €anada and language spoken (4, 8, 12) -

f) Number of hours of television.watched (4) i

g) Use of hand-held calculators (4, 8, 12)° e e .
h) Time spent on homework (8, 12) CoT e &é

- B
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i) Semestered versus non-semestered courses (8, 12)
~3) Parents' ‘educatidnal backgrounds (12) -

k)«FQ; re plans (12) L '
'19‘0 —of—qchoo{ works=(12) - . ‘ :

Assessment tests in Reading were also given at the Grade 8 and 12 . °
levels, and these tests contained similar, and in some cases identical,
backgrotnd informatioh questions. For example, on both the Reading and
the Mathematics tests, students were asked their date of birth, sex, and
number of schools attended. Because of the comfnon items, it was possible
to merge the two sets of-data and obtain a new data file containing the
information and results obtained on both of the-tests. Matches were ob-
tained for 66% of the Grade 8 students apd 63% of .the Grade 12 students.
This new file was used to obtainfurther information_on student background
as well .as to correlate some aspects of student performance, in reading
with the same students' achievement on some of the mathematics objéﬁtives.
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2. THE GOALS ASSESSMENT . ) I

Mathematics has a large number of subJect—matter components, In
broad terms, there are .areas such as algebra, arithmetic, geometry, and
trigonometry which are the major concerns of school mathematics. Each
of these broad areas can be broken down into a multitude of sub- divisions,
sub-divisions of sub-divisions, and sd on. Not al} areas or sub-divisions
are equally important in school mathematics, and the relative importance
attached to various topics in the mathematics curriculum varies according‘
to sociological,\psychologlcal and educational influences of the day.
ki*f

Accordingly, it was 1mperat1ye that the goals or objectives to be

" assessed by the Mathematlcs Assessment be identified at the outset, and,

R

-

two basic dec151ons were made in this regard. First, it was decided that
the.assessment would test students at three Tevels: end of primary “educa-
tion, (Grade/Year 4), end of elementary education (Grade 8), and end of
publie schooling (Grade 12). Second, it was decided that the to?ics to
be tested would be restricted to what most informed dbservers would agree
were among the essentlalcﬁkills and concepts of mathematics'which all
students at these three levels should have mastered.

The process of development of the specific content objectives and

»6f\;he cognitive behaviour levels for the Mathematics Assesgment was

greatly facilitated 3§\the experiences of others in similar programs.

The publications of the National Assessment of Educational Progress in

the United States and of various state assessment programs were of notable
assistance in this regagd. i ’

\

The Iflem Specification Model

"

The ehd result of the developmental process gentioned above was the
Item Specification Model for the Mathematics Assessment which is shown
in Figure 2-1. The model portrays, in summary fashion, the three maJor
dimensions of the Mathematics Assessment. '

’
'
v

N
The Item Specification Model 'r the Mathematics Assessment is a
.3.x 4 x 3 "cube": three grades (4, 8\and 12), four major mathematics
‘content areas (Number and Operation, Measurement, Geometry, and Algebraic
Concegts), and three domains (Computatlon and Knowledge, Comprehension,
and Applications). The essential idea of the model is that the objec-
tives and test items for® the Mathematics Asséssment can be classified in
three ways: by grade, by content area, and by domain.
~ . .
The first dimension on .the model is grade leveél. As described ear-
lier, the’three points on the K-12 continuum selected for téesting ﬁere
end of primary education, end of elementary education, and end of public
schooling. The aend-of-primary test‘was administered at the Grade/Year 4
level, and tested coritent selected from the Grade 3 level or below. The
end-of-elementary test covered conten® from the Grade 7 level or below,

N
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—and was dministergd to students egfolled in Grade 8. 1In order to assess
students "\ performdnce in mathehatics at the end of their public schooling,
the assessment test was administered to all stidents in Cf%devLZ. However,

,jaggéQ since mathematics ig not required after Grade 10

the mathematics content
on the assessment instrument administered in Gragé\{z was restricted to-
the Grade 10 level at most. . ' o

o ° ’
2 . =

- The second dimension ofiﬁhe Item Specification Model is cdontent. Of
all the major mathematics content areas that could have been used, the
following four were sé;ected: Number “and Operation, Measurement, Geometry,
and AlgebraicTConcepgs. Topics classified as belonging to the Number and
Operatlon category dealt with the nature and properties of whole numbers,
integers, rational numbers, and real numbers as well as with techniques ‘
and properties of arithmetid operations. The Measturement category included
topics such'as selecting the most appropriate unit of measurement, famili-
arity with metric units @f measurement, area,. volume, perimeter, angular

_ ' measurement, and scale drawing., Topicsyin the Geometry category dealt with
“the 1Qen;ification of -geometric figureé{ classification of angles and tri-
angles, partssof a circle, ,.and the Theorem of Pythagoras, Topics in the
Algebraic Concepts category were concérned with'gtaphs, writing algebraic
expressions, simplifying and evaluating polynomials, linear and quadratic
equations, slope'of a line, and simultaneous equat%pns. ¢

19
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The third djimension of the model consists of three levels of cognitive
behaviour, whicll are refefred to as domains. ' The Computatior and Knowledge
damain encompasses areas ch as knowledge of sbecific facts, knowledge of
terminology, and ability to use algorithms. 'Yhe‘Comprehension domain in-
cludes knowledge of concepts, knowledge of principles, rules, geﬁg?hliza—
tions, ability to transform’problem‘elements from one mode to another, and
ability to 'read, and 1nterpret a ‘problem. Ability to solve routine problems,
abiliby to analyze data, and abillty to recognize patterps belong to the
Applications deaim. S

' B
fﬁe domain d1mensioﬁ of the model is hierarchicgl. The Applications

. domain is cognitively more complex than Comprehension Wthh is in turn

moré -copplex than Computation and Knowledge:. . R '
}\ <
The model, .as simple as 1t is, illustrates the complexity o outcomes

of mathematics learning. ., Many important areas of mathematics are ot

included, and no mention is made of':ktggudes toward mathematics. In

this assessment, concern was limited strictly to cognitive outcomes. 11t

is also true that although the model contalns thirty-six cells,. some of
them are empty. For example, no attempt was made, at the Grade/Year 4
level,- to test the area of Geometry, and the Algfbralc Concepts domain
included only two graphing items. '

Y

Developments of Objectives and Test Items .
» - B oy )
7 Specific objectives corresponding to'each domain and sample test items
were developed for the Mathematics Assessment. The single resource which J
provided the most guidance and direction in this task was the recently
revised Curriculum Guide for gathem ics issued by- the ﬂnnlstry of Education,
- . s 3 .

Four Review 'Papels were orgénized in different parts of the province

to give people who Yere not involved in the creation of the'objectives an

opportunity to examine the proposed objectives.and suggest alterations

_ before the student tests were developed. These panel$, consisting 6f

teachers, school trustees and lay persons, met with representatives of o
the assessment program to discuss the objectives and to seek to improve them.

To obtain more feedback on the proposed set of objectives and sample
items, representatives of the Contract Team met with the Mathematics Curri-
culum Revision Committee. In addition, the objectives were published in 2
Veetor, the journal of the B.C. Association of Mathematics Teachers, and
sessions dealing with aspects of the Mathematics Assessment were held at

seseveral conferences. )

’S& g ~ " .' ",

The final version of theSTSjectlves organized by domain withi each
grade level are presented in Tables 2-1 through 2-3. The right hangd column
in each of the three tables lists, the .number of items on the assessment
instrument®used to measure mastery of the accompanying objective.

.
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. ~Table 2-1 o~ é
Grade/Year 4 Mathematics Assessment Objectjves
B 4 .
g 4
>4 = ® N . “'r ’ B K
Objectives ) Number of Items
’ . , L) ’ )
Pomain 1: . Computation and Knowledge < i -
1.1 (Mastery of Number Facts ' < 24 LI )
1.2 Addition of Whole Numbeérs 5 SN
1.3 Subtraction of Whole Numbers 5 o~
1.4 Knowledge of Notation arti’ Terminology 6 ~
. o ) ) T Y !
- ’ . s ~
Pomain 2: Comprehension . : - »
2.1 Place Value.Cdncepts 6 .
_2:2 Number Properties . 4 /
! Measurement Concepts ¢ . 5 %
2)4 Fraction Concepts L ~ 2
. .. ' % B
Domain 3: Applications ‘ . 1
i ' V4 - . —
3.1 Solution of Practical Problems R 6 ) -
3.2 Solution of Computational Problems * 6
~ . . . . . 3

2 T

@
o«

The Grade/Year 4 Mathematics Assessment 1nstrument4contained sixty-
‘nine jtems measuring mastery of ten objectives. - The data in Table 21
show that the major emphasis on the Grade/Year 4 test was on the Compu—
tation and Knowledge domain. Of the forty items in this domain, twenty-*
four were used tb assess the Mastery of Number Facts objective., These
items took ghe form' of six number facts for each of aifdition, subtraction,
multiplication, and. division. In addition tg the number fact items, there
were ten addition’'and suBtraction exercises which required use of the
algorithms. {'> .. e
' the Comprehension domain, the ;mphasis was placed upon understanding .
of plage value .concepts and number propertiés. ¢ There were fiyg items
dealing with measurement and two with fraction concepts. The Applications
venly divided between computational problems and problems termed
practical, e.g., working with time, money, and graphs. 4

»

+

.
pra

Several cells in the Item Spec1f1cation Model were not tésted at the
Grade/Year 4 level, and such exclusions were made for two major reasons.
In some.cases the content was not part 6f the K-3 curriculum, and 4n others -
it was felt that the material could ,not be adequately tested by means of
3 paper and .pencil test. An éxample 3f the former would be the algorithms
. for multiplication artd division of wholé numbers which are not developed
Lto any great degree in the primary grades An example of the latter would _
- ) . . ;
. - \ T ~
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be the-atea of geometry which, in the primary grades shodTd ifvolve the
manipulationﬁbf three-dimensional objects and is, as a result, not amen-
, ahle to paper and ¥Pencil sesting. | . ‘ ) _f
' + . A ’ L y Lo . T
\ Table 2-2 lists the dbmains, objectives and number of items per S,
\objective for the.Grade 8 Mathematics Asseg#ment instruypent. The test
contained sixty items measuring acquisitioh of twelvé‘&%jéctives.
. . v - N Lo
. ¢ ' o
Table 2-2 ¢ . ‘ Lo
Grade 8 Mathematics Assessment Objectives ’
% 8 -
H \.} - e
Objectives v . Number .of Jtems ’
Domain 1: Computation and Knowledge = . N ‘ . )
1.1 Computation/with Whole Numbers v 577 Jﬁ'
1.2 Computation’ with Fractions A= —
1.3 Computation with Decimals ) ] '
1.4 Knowledge of Notatdon apd Termi 9
1.5 Knowledge of Géometric Facts -4 - ¢
1.6 Equivalent Forms of Bational Numbgig 5 .7
. I . A . - :"
‘Domain, 2: Comprehension # . ’ ) \f
.,2.1 Number Concepts ‘ 6
‘2.2 Measurement Concepts L “ 574
2.3 Geometric Concepts \ ' 4 -y
2.4 Algebraic Concepts ~ o3, N -~
) : . ) Q
¢ .pomain 3: Applications . IR ’

3.1 7 Solution ®f Problems involviﬁg Operations
~ " with Whole Numbers, Fractions,.Decimals,‘

and Percent . . 7 Co.
¥.2 Solution of Problems, involving Geometry . - oL .

and ggasurement . 3 ’ .
h ) ‘ \ : b

.\ - . . “\

The emphasis iw the Computation and Knowledge domain for,Grade §
was on computation with different sets of nunbers. Aséeﬁﬁﬁé‘i of, knowledge "
of geometric faets wds also included in this level. of the assessment, "Geo-
metry, in fact, was a factor in each domain for the Grade 8 assessment.
All four content areas were assessed ‘in the Comprehension domain, but with'
varying numbers of items. The emphasis in the Applications domain was on
solving problems using different sets of nimbers and n@mbers‘in différent
forms. : ’ :
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] A comparison of Tables 2-1 and 2-2 shows that the major differences
] Between the Grade 4 and 8 levels were the inclusion of geometric concepts
and the shift in emphasis in the C66pu%ation and Knowledge domain on the
Grade 8’test. By Grade 8, computation includes all fou#basic operations
with whole numbers, fractions and.decimals. '
‘ . - ]
, Table 2-3 lists the domains, objectives, and the number -of items per
objective for the Grade 12 Mathematics Assessment. The st contained
seventy+ two items measuring acquisition of elegfen obJe;:f§Es;/

‘ -
P w *
-

x <. Table 2-3
‘Grade 12 Mathematics Assessment Objectives '
- 3 . . B —
Objectives Number of Items
‘ 7]
Pomain 1: Computation and Knowledge Cos ‘
1.1 Computation with Fractions 4 ¢
1.2 Computation with_ Decimals : 5
’ 1.3 Knowledge of Notation and Terminology . 14 :
1.4 * Knowledge of Cfther Alforithms 7 ’
. LR
Domain 2: Comprehension . C
2.1 Number Concepts 6 e
2.2 Measurement OGoncepts 5 J
y 2.3 Geometry Copcepts ' 4 i :
2.4 Algebraic Coricepts . 9
@ . L3
. Domain 3: Applications . /-
R .
3.1 Solution of Problems involvihg Operations 7
with Whole Nunbers* Fractions, Deciﬁmls,
and Percent, R . 2 i
3.2 Solution of Problems involving Geomefry , b
’ and Measurement . 7 (:\\’
. 3.3 Solution of Algebraic Problems . 2 :
- o . . : ‘ .
1] ! - *
o . -
Ip the Computation. and-—Knowledge domain, the Knowledge of Notation .
. and Terminology dbjective involved several more items than were required
for the assessment at Grade 8. Computation with fractions and decimals
was included, and Knowledge of Other Algorithms was added. The Compre-,
hension domain for Grade 12*was very similar to thats¢ for Grade 8 except
for Comprehension of Algebraic Concepts which assumed a more important
position in Grade 12 than it 'h4d had in Grade 8. The Applications domain
was most_ comprehensixe for Grade 12 1nv01V1ng eighteen items.
Py , .

= Y
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© fused with that used in the construction of typical (norm-referenced)

s

” v ’ ’
The Grade 8 and 12/6Ljectives have many similarities.’ In fact,
fdrty—tbree of the items on the Grade 8 test were repeated on the Grade .

. 12‘test. I} . N

rs

-

)yﬁﬂd The distribution of tksf items. organized by grade and by content

area is presented in Table 2-4 below. Since the tests had differeng

numbers of items, the data presented in the table, are percentages. The B
fact’'that some of the rows in the table do not have a total of 100% is )
due to the effect of rounding each percent to the nearest whole number .

’

r/ Table 2-4° -
Percent of Items in Each Content Area by Gradé

——

- Number apd : Algebraic
Grade Operation . Measurment Geowetry Concepts

A

78 17 0 3
8 63 L7 12 8
12 50 15 15 19

\
ha

’

The data in Table 2-4 show®a decreasing emphasis on the Number and
Operations content area as grade level increases, and an increasing
‘emphasis on the Algebraic Concepts content area. The Measurement content
area has a very. consistent emphasis, as does Geometry in Grades 8 and 12.

All three tests were designed to assess students' grasp of a number
of important mhthematical skills.and concepts, and the Review Panels #nd
pilot testing served as indicators of the validity of the test items.

In addition, the items were examined statistically tq determine their .
reliabilityéhnd a-discussion of the test reliabilities is contained in

the Technical Report. . >

. . . .
+ The approach to test construction described here should not be con-

achievement tests which are designed to rank individual students., For
tests of that type, items are usually. designed so tEEE—EbQ;:x}mately

fifty percent of the population wild be able to c&rrectly swer each item.
On a group test such as one used in the B. C. Assessment, it is possible,
and in some cases desirable, that virtually the entire population be able
to respond correctly to a givern item. Whether or not an item was included

" in the final version of a test depended upon its being considered a valid

item to assess a given objective at one or
and not uponﬁ{Fs powey of ranking individual

24 -/ ( q,

qgii of the grade levefs involve




3. .YTHE STUDENT POPULLATION - | ’
+ <y . - ! . . .
‘ o . f
Slightly more than one hundred thousand students at three grade levels
completed the Mathematics Assessment tests. As the data in Table 3-1 show,
the rate of response varied from a low of seventy-one percent at the Grad
12 level to ninety percent at Grade 8, and ninety-six percent at Grade/Ydar

e

, 4, . : - . , -
Table 3- 1 -
- Rate of Completlon of, Mathematics' Kﬁséssment Tests
L ‘ ' ' ' R
—— - ) (\
Enrollment as of Number of Percent .
Grade/Yeat . February 1977% Completed Tests Completed
4 36 540 ‘ 35 277 9.5 ]
o~ . - ‘ Pe ~ ,
8 46 808 ‘ Q42 250 ) 90.1
. \ \ . L)
- 12 : 32 532 . 23 136 \ 71.1
Overall : * 115 880 100 663 86,9 -
» > ° 3 ‘ & '

. 7 7
* Data supplied by the B.C. Ministry of Education

<, ‘
-
*

Of the three grade ldvel groups, Grade 12 was the only one which had

a4 lower return rate than might have been attributable to, normal absenteeism.
In addition, some concern was expressed to the effect that senior secondary
students might not have taken the test seriously and responded‘frivolously..

-~

8

The National Assessment of Educational Progress QNAEP) program in the
United States has encountered similar difficulties of non- participation.
In their first analysis they assumed that the non-partlcipating group was
similar in composition to the ent1re population, and that those individuals
who failed to participate would not affect the:overall results.. Subsequent
studie7}have shown that the non-participatin iEgroup was not exactly similar
to the/rest of the population and that theif~ ack of participation could
result in artificially inflated results. NAEP has found that the extent
of this inflation is almost certainly not great enough to affect decision-
making For example, a success rate of 677 achieved by’ those responding
to a’'given test item might represent a true success rate of 64% for the
entire populétlon.

To check, for the extent of frivolous _response on the Grade 12 test,

two steps were taken. Each of the computer cards which were completed by
the students was hand-checled for completeness and for obvious patterns of
fClvolous response, such as the constant use of a single response category
or the repetition of a series of responses such- as ABC ABC ABC ... Thirty-
two. such instances (0.1% of the total) were found. Secondly, a computer
analysis was undertaken to identify those students who had, in all likelihood,
responded by guessing or by selecting answers at random. Two hundred and

/// eight such cases were found, lifs than one percent of the total. >

. ~
i
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In summar§ the‘best daté’::ailabie at this time lead to the con-
clusion tE?t despité the fact that.a sizable proportion oﬁ’the Grade 12
population failed to take the Mathematics Assessment test, the overall -
results obtained by those who did are an accurate representation of the
total population. Moreover,, analysis of individual students’ response ",

.patterns has failed to show any evidence of widespread lack of due care

and attention in completing the test. - LT o o
Student’ Characteristics . \ - oa i
. - . . N e
On each tegt ﬁktudents vere asked to answer a number of background ,
information questions. Eacﬁ~such question dealt with a variable which . . ;

had been shown in previous research to be linked to6 achievement im schegl

Some of ¢he more interesting findings ab0ut these reporting categories ., '
are discu£sed in Section 5 df this report. In the present section, some
of the data are used to describe the population of students who took the .
Mathema}ics Assessment tests. '

1. Sex . . ) :
& BT - '

' Approx1mately 2 500 more male than femai:ﬁstudents took the . -
-‘Mathematics Assessment tests. In-terms of p entages, fifty-one . AR
percent of the-respondents were male and forty-nine percént were/)

{emale : . 7N 0
\ -~ ~ i K " .
\ Combining the information on sex.of Graét 12 respondents with

%. their mathematics backgrounds yiélded disquieting results. Only
ty-two percent of the Mathematics 12 students were femalé, while o
si ty-four percent of those whose last. mathematics course was Mathe- )
‘matics 10 were female. an ogheér words, 4 disproportionate number of

le students have dedi

. de\cﬁot to study any mathematics in seco
dary school beyond the “last \cpurse required M\{ﬁ;matics 10. ,~//p(~

~

¥

of Schools Attended A

i
he<K§sessment results indicate that over fifty percent of the

from elementa to junior secondary. Qne quarter of the
Grade/Year 4 studentsEigd attended three or more - schools Forty
percentof the Grade 8 studenfs and sixty percent of those at Grade

12. had attended at least four schools. - . v
3. National Origin and Languages Spoken \:

Aboum seventy-five percent of the Grade/Year 4 students who took
the test were born in Canada, and eighty-four percent had English as 2
their first language. Although such questions were not part of the ~
Grade 8 and 12 Mathematics Assessments, they were asked on thg Reading
tests and.it\Eas,pbssible towsbtain information on the national origin
pf thqse students who wrote both tests. Between eighty and eighty-
five percent of the Grade 8 and li/f:zdents were born in Canada, and

about eighty percent had English as fheir first language. * ) R
LY

- Lot v

\ . . -
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6.

7.

Television Viewing Patterns

~—h
3

Just over thirty percent of Grade/Year‘A students said they watched
at least five hours of television per day. In other words, they spend
at least as much time watching television as they spend in school, and
they may be spending more time watching television than they do on any
other activity.

Data.}rom the Reading Assessmentstest indicate that at the Grade
8 level the percent-of students who watch five or more hours per day is
also very high, about twenty-five percent. At the Grade 12 level, the
comparablé figure is only about five percent. Aboyt forty-five percent
‘of students at this level say they watch between one and two hours of
television daily.

i

v

Mathematics Background of Grade 12 Students

Students are not required to take any course in mathematics beyond
* Math 10. Data from the assessment reveal that only fifteen percent of
Grade 12 students have taken no more than this minimum requirement, and
< that“*over thirty-five percent have taken:%ome form of Math 12.
#

On the basis of their backgrounds in mathematics, Grade 12 res-
pondents were.divided into three categories., Those who were taking or
“who had taken some form of Math 12 were designated the Math 12 group.
‘Those who were taking or who had taken no mathematics courses beyond

" some form of Math 11 were_called the Math 11 group. The remainder,
those who were taking some form of Math 10 or for whom such a course
was the highest level of mathematics successfully completed, were called
the Math 10 group. ' .
R ¢
v s -

Hand—Held Calculators @

The proportion of stﬁdents who have used ‘a hand-held calculator®

in school varies from three pgrcent at Grade/Year 4 to te pé%cent, at
Grade 8, and ‘to fifty-one percent at Grade 12., This last figure, when

roken down by mathemitics background, reveals that seventy-two percent
f the Math 12 students have ysed a calculator in school, but only
about thirty percent of the Math 10 students have done so. The vast
majority of students in Grade 4 and 8 say they have not.used a hand-
held calculator for homework, while about half the Grade 12 students
say they have done so.

Mathematics Assignments *

Fifteen percent of Grade 8 students who are taking a mathématics
course and about the same proportidh of Grade 12-students said they
spend no time at all on out-of-class assignments in mathematics. About
eighty percent said they spend some time on such assignments,
less than one hour per day. !

but usually

-

v

~
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"most of them are employed both during the week and ‘on weekends.

~

Part-Time Employment of Grade 12 Stﬁdents ’ ) I

Over fifty percent of Grade 12 students have part time jobs,- ani
On
the average, these students spend between ten and fifteen hours per .
week at their jobs. ‘

¢

Future Plans of érade 12 Students

About twenty percent of Grade 12 students plan~to enter the labour

market upon completion of secondary school,

and an additional thirteen

percent are undecided.

Thirty percent are planning to enroll in uni-

versity or in pre-university programs at community colleges.

Among

those students taking Math 12,

about sixty percent plan to attend uni-

versity or community.college and about seven percent intend to enter
the labour market. Among the Math 10 group, about fifteen’perceng

plan to attend university or community college, and thirty-five percent
plan to seek employment,
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4. TEST RESULTS

The student tests at all three gra@e'ievels were machine- -scored, and
the percent of students who obtained the correct answer was computed for
each item. For each multiple-choice item, the percent selecting each in-
correct choice was also calculated. Using these results, the mean Rercent
correct for each objective anﬂ domain -of the three tests was obtained. On

‘the basis of the item results, the Interpretation.Panels judged the students'

performance on each item, and assigned that performance one of the five
ratings which are listed below along with their abbreviated designations.

Strength > (ST)

Very satifgcfor% (vS)

Satisfactoty (S)

Marginally satisfactory (MS)

Weakness . W) ¥
e

The Panels'’ratings were based not only on the percent of students who had
responded correctly, but also ‘on the degree of difficulty of the item, the
range of students' abilities within #4ch grade level,_322~the,£act there is

" variation in instructional goals anfl methods throughout the province.

3

In the sections which follow, summaries of the results of the three
tests are presented. At this point, it seems appropriate to make three
cautionary remarks .First, since these are summaries, -much has been left
unsaid. A more thorough disc¢ussion of the results and their implications
may be found in the Test Results volume which is available -from the Learning
Assessment Bragch. Secondly, any comments which are made about the accep-
tability of theq performance on any given item or group of items are based
upon provincial results, and may not be applicable to individual students
Thirdly, comparisons between students' performances on any two items or
obJectlves should not be made by merely comparing percentages. For example,
eighty-one percent of Grade/Year 4 students obtained the correct response
to Item 21

5) 45 . °
and this result was rated satisfactory while a seventy-six percent correct
result on a later (and more difficult) item, Item 48 (below), was rated very
satisfactory.* . . i

G

~

' (48) Which is true? v © 35 >45...........
. 3B =45...........
45 =35.. ... ......

: 35 <45........... y
- ) ’ I don't know .......

A ( .

- -

* _Test items have been photographically reduced for presenta n in this
report. . ' .
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Grade/Year 4

The test contained sixty-nine Ztems designed to assess students' mastery
of ten objectives grouped into three domains. ' Although the test was adminis-— &
tered in Gradé/Year 4, the contént of each item was chosen from at most the
Grade 3 level, the end of primary education. Student performance on each
item was assigned one of the five ratings by the Inteypretation Panel. . \
Table 4-1 summarizes, for each objective, the number of items where perfor- "~
mance was judged as Weak, the number where performance was judged as Margin-

ally Satisfactory and so on.

For example; for Objective 1.2 five items were

used to measure students' abilitigS on the addition of whole numbers.

Overall

student performance was rated as, Very Satisfactory for four of these test .

items and as

Satisfactory

on the other.

v

. Table 4-1

4

Panél(Ratings of Grade/Year 4 Mathematics Results

———

Number -
. of Number of Items by Category
Objective Items W MS s, Vs ST
Domain 1: Computation and . .
Knowledge . '
1.1 Mastery of Number Facts .24 —_— = 3. 4 .lb 7
1.2 Addition of Whole Numbers 5 ., - e 1 4 e
1.3 Subtraction of Whole ¢
Numbers S | ' 1, 2 1 1 -
1.4 ggpwledge of Notation and . . “
erminology 6 = 1 " .2¢ 3 -
Domain 2: Comprehension )
2.1 Place Value Concepts , 6 - \ 3 - 3 -
2.2 Number Properties . 4 - - - 2 2
2.3 Measurement Concepts 5 2 ! 2 -
< 2.4 Fraction Concepts 2 1 V1 - - -
Domain 3: Applications ' i
3.1 Solution of Practical [ ) N -
Problems - 6 - L 1 2 2 1
- W 3.2 Solution of Computational-’ ’
Problems T : 6 - - 5-~ = 1
/
v 7 - : | ¢
TOTALS: 69 4 12 17 25 fl
i ) - a t
3 ’ - e &
f\ g
. 30
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- The Grade/Year 4 results, overall, are encouraging. They indicate
that most children at this level are learning many of the mathematical
skills expected of them. On six of the ten objectives, students' per-
formance was particularly good. These were Mastery of Number Facts, .
Addition of Whole Numbers, Knowledge of Notation and Terminology, Com- . o
prehension of Number Properties, Solution of Practical Pro lems, and. . °
Solution of Computational Problems. On the other hand, performance on/r
Subtraction of Whole' Numbers, Comprehension of Measurement Concepts,
and Comprehension of Fraction Concepts was less satisfactory.

14
c. The Interpretation Panel judged students' performance on the number

fact items for addition ard subtraction to be a strength. They were very
satisfied with the achievement rate on the multiplication facts, and satis-
fied with the performance on division facts. Since the number fact section
of the test was tiued, it was not possible to be certain whether the rela-
tivély high rates of missing responses on the 14st several number fact items -
(which were also the division fact items) were due to students' not kgvytng
those facts or to their having run out of time. .

In Domain 1, a weakness was noted on Item 36 for Objective 1.3, Sub-@&
traction of Whoke Numbers. Fifty-six percent of the students obtained
the correct answer to that item, . -

——

. . ; - 865 o ~

The exercise was difficult since it required multiple regrouping with a
zero in the minuend, and students' ablllty to carry out such a process
correctly is dependent upon their understanding of our decimal numeration
system. None of the subtraction with regrouping item results was rated
. any higher than marginally satisfactory, and this suggests that more atten-
tion should be paid to developihg students' understanding of place value ~
concepts, of techniques for regrouping, and of applying these concepts to
the operation of subtracLion. .. )
The results for the objectives from Domain' 2 were the least satis-
. . factory. While performance’on Understanding of Number Properties was very
' good, performance on the other three objectives was not. Two item results
from Objective 2.3, Comprehension of Measurement Concepts, were rated as
weaknesses. -The items, which are shown in Figure 4-1, measured students'
familiarity with temperature measured in degrees Celsius and weight (massﬁér

1054 - .Y

A

n kilograms. In Item 64, 25% of the students correctly answered the question,

and in number 65, 32% of students responded correctly. - N

) \.\'\ . .-, ', i . “
N N ‘ :
* The werd mass  was’ not used on the tests, although it is the correct
S term. It was deemed better to 4se the familiar .term "weloht"

N :
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% of
L . ( Students
. (64) A ten-year-old boy is likely to%welgh: 35grams ... . ...... 9
¥ ~. . 75grams.......... 22
. 35 kilograms ... ... » 25
‘ 75 kilograms. ... ... 33
, . | don't know ....... T8
. ' X ‘of
' * +  Students
+(65) The temperature on a sunny summer day ) 5° Celsius ........ ' 3
would most likely be: - ‘ 25° Celsius :....... 32
. .« 55°Celsius........ 27.
// ° (ald
. . 85° Celsius . ....... 29
+ O )
‘ 3 I don't.know ...... - 6
Figure 4-1: GradelYear 4 - Items 64 and 65*

$

S
On the whole, the Interpretation Panel found students

performance on

the items dealing with the metric system of measurement to be disappointing.
The:Panel recommended that further steps be taken to provide teachers with
. materials and in-service training for the teaching of measurement. .
Performance on Comprehension of Fraction Concepts was also rather weak.

On Item 58, where 60% of students responded correctly, performance was

* The c\i

orrect response~Pas been underlined.

marginally satisfactory and on Itém 60, where 547 answered correctly, it

was weak.
[ 4

v

—

-

T s

Figure 4-2:

(60) Which box Is one-fifth (%) shaded?

m . d §II | don’t know ~

15% . 172

Grade/Year 4 - Items 58 and 60%

’

K

ls

32 .

'

. . (58) Which group of dots Is one-haif (%) shaded? -
.8 2&: 9 ) o gr. .
. ‘ o . o] . | 0 | don't know
212 602 8% 22 7
> .~

v

57
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V- Fraction concepts .are a rn of the standard curriculum’'at the primary -

level, and students are expected to learn about fractions both as parts of
,wholes and as parts of sets. Ofi the other hand, there is some ‘evidence
that such « concepts may 'be too sophisticated for children of this age. 1In
other words, the developmental level of many of these children may not per-
mit them tq grasp §uch concepts. Persons who are involved in the design
and implementation of curricular materials for mathematics, and educational
researchers should give the question of when to introduce fraction concepts
to children their immediate attention.

The results on the items from Domain 3, which concerned problem-solving,
were commendable. ' Problem-solving is the most difficult topic in the mathe-
+ matics curriculum to teach, and it is at least as difficult to learn. 'In
spite of this, no item results from Domain 3 were rated as weaknesses, and
one was rated as strength. This latter item dealt\with students' ability
to read i?formation from a bar graph. ’

v

Grade 8 : ‘ - .

The test administered to Grade 8 students .contained sixty items dealing
with some of the essentigl skills gnd concepts of mathematics for the inter-
mediate grades (4 - 7). The items were groupéd under twelve objectives which

were themselves grouped into three domains.
1

Student performance'G; eag% item was rated by the Grade 8 Interpretation’
Panel. Table 4-2 summarizes, for each obfective, the number of items where
performance was judged as Weak, the nupber where performance was judged as
Marginglly Satisfactory and so on. F example, five items were used to
measure Objective 1l.1l. Performance on o item was judged as Marginally
Satisfactory, another item Satisfactory, and three items Very Satisfactory.
The abbreviated designations for the various rating categories which were

. described earlier have been used in this table as well.

The proportion of Grade 8'item results which were rated by the Grade 8
Panel as being very satisfactory or strengths was lower then thé correspon-
ding proportions of ratings given by the other two Panels at their respective

grade levels.

Correspondingly, a higher proportion of Grade 8 results were

either weak or marginally s

8 and 12 was slight.

The o

atisfactory although the difference between Grade
YLrall picture, while not being one ¢f weakness,

seems to show performance at this level to be the least satisfactory of the .
three levels tested. / . )

Thirty—nine of tﬁé sixty test 1gem results were rated as satisfactory
or better and six were seen as weaknesses. While it may be concluded from
these results .that the majority of students have aaquired many of the
essential skills and understanding which are expected of tbﬁm, there are
also fairly large numbers who have not done so, and these students need
additional assistance. Moreover,. there are a few areas, notably those of
rational number concepts, geometry, and measurement which are in need of
substantial improvement and 1mquiate attention. o v ?

v

i

¥
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Table 4-2
Panel Ratings of Grade 8 Mathematics Results

.

. . Number 7
of " Number of Items by Category
( Objective —_ Items W M§S - - 8 VS ST
- & ) . Y
Domain 1: Computation and .
’ . Knowledge .
1.1 Computation with Whole ~
: Numbers 3 5 - 1 1 .3 -
1.2 Computation with Fractions” 4 - 2 1 1 -
1.3 Computation with Decimals 5 - 2 3 - -
1,4 Knowledge of Notation and . /

Terminology 9 - 2 2 5 -
.5 -Knowledge of Geometric Facts 4
6 . Equivalent Forms of Rational __~ )
- Numbers . 5 A | 2 1 1 -

Domain 2: Comprehension ’ ’ .

2.1 Number Concepts 6 2, 1. 2 - 1
2.2 Measurement Concepts 5 - - 3 1 1 '
2.3 Geometric Concepts o %&/} 4 1. .1 2 - - -
2.4 Algebraic Concepts 3 <1 - 2 - -

" Domain 3: " Applications *

. 3.1 Solve Computational Problems . 7 ° - 1 5 - )
3.2 Solve Geometry and Measure- ' S

ment Problems M 3 -1 1 1 - -

’

.

TOTALS: 1;;\L\ 6 15 25 11 ° 3

o v i » . ~

The strongest areas in Domain 1 were Computation with Whole Numbérs,
and Knowledge of Notation and Terﬂigglogy. The areas of Computation with
Fractions and Decimals, Knowledge'.o Geometric/facts, and EquivaleqF\EQims
of Rational Numbers were weaker in varying degrees, with the last-named |
being the weakest of all. ‘145 |
. " ¢ /

!
. Y

Students' ability to write a number expressed as a fraction,decimal, or
fpercent in either of the other forms was less than satisfactory. For example,
only 38% of students correctly answered Item 31 on the student test (F gure 4-3),
a result judged as a weakness. More emphasis on this topic would appear to be
warranted by results such as this. .

1
"

o 34
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"\




X of
s .1 : Students .
31. Written as a decimal, ‘ 3 = A) 0.12 —€ ‘ \ -
"B) 0.8 41 : ) )
. ) 0.125 38 . /? . :
¥ >
D) 0.18 8 ) .
4 4
. E) !don't know .5
Ay N . »
P , %
. Figure 4-3: Grade 8 - Item 31 .

Computation with decimals and fractions seems to be safisfactory, but
not overly so. Operations with decimals in particular should receive more Y
attention than 1n the past because of the 1ntroduct10n of the metric system
which emphasizes decimal notation over fraction notation, e . .
.7 .
. ; Strengths were outnumbered by weaknesses in Pdémain 2. . Performance was
quite good on Comprehension of Measurement Concepts, but somewhat weaker on
i Comprehension of Geometric Concepts and of Number Concepts.

Two of the 1tem re5u1ts ratea as weakntss in Domain 2 dealt with fraction

" concepts.

One of the items (see Figure 4-4) nequlred students. to use ,the

basic concept of what a fraction is,

and the other required them to order ’

rational numbers.
was judged as weak.

Performance of Grade 12 students-on these same two items
Grade 12 results are presented here to 1llustrate dif-

ferences between the two levels.

rl

» *

. ¢

18. ., There are 13 boys and 15 glrls in a o
ro Wh lract on of the group is . P
Bover at s 2P 2 of Students

’ ~boys? . Grade 8 Grade 12
. A) !é - . 5, ‘5
28
. N K : S3° « 38 s
B) — .
.. T 4 : .
é) 15 . R 6 4 . -
13 & .
. o 3 2 2L T .
’ 28. ‘ « s
/ : hd Y ~ “
- . . « H 2 - 1 .
) ’ E) idon't know - - .
. ~— ’ R : . ’
B “ - - N % of-Students A
' 47. Which number Is largest? Grade 8 Grade 12 -
. 2 ’
A) = 8 . . .
) 3 38 | 2} .
% B 2 29 .59 {4 ]
3 . T
C) 3 16 A3 ;
m 5 . .
, D) 3 . 12 5 , .
s .
- E) |don't know 2 SRS |
A N . - : . ‘
) ) Figure 4-4: Grade 8 - Items 18 and 47 ’

E
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. \
. The weak performance on these items indicates an area of the curriculum
where improvemént 1s needed. Fraction or rational number concepts are diffi—
- cult, and teachers of mathematics at all levels must have available to them

the best metho@s ard materials for deve&oping these concepts with their

" students.

° * ‘ . .

Performance on the Conprehension of Geometric Concepts items’was dis- |
appointing, with none of the four results being rated higher than satisfavtory -
and twoiybelng rated below satisfactory. The poorest performancé was registered
on an item in.which students were asked to find the area of right triangle
with legs 6 and 14 units long respectively. Almost twice as many students . -
chose 84 as the. response than chose the correct answer 42 (see Figure 4~5).

It may be that insufficient emphasis is’ being given to geomeery and measure-
ment in the intermediate grades and, if this is the case, some. improvement
in that situation would -appear to be warranted by these results.

~
N
N

X ,of a
Students

52. Find the area of this right triangle: ' “ - A)

. B)
)_ : 14 ’ D)
H ) .- . : E)

Figure 4-5:

e
- f [ " 7

42 24 .

20
84
21

{ don't know

Grade 8 ~ Item 52°

18
42

4

b}

N

One item, number 48,

: oL ’
Simplit\ﬁ\EO - 4418 -2) - = ©

from Comprehension of Algebraic Concepts, dealt w1th order of operations. o
Only eighteen percent of Grade 8 students’ obtained the correct response'and
this performance was rated a wgakness. The. importance of this topic at this
level is .questionable, but it is_part of the mathematics curriculum at the
Grade 7 level and virtually eveyone who participated in the review process
during the development of the ob)ectives for the assessment recommended "that
such an item be included on the test. If the topic is to remain as part of *

the elementary mathematics ‘curriculum, then teachers ‘should place more em-

phasis upon it. s . ? e - s ’

Y
<

Results from'Domain 3, which concerned problem-solving, were satisfactory
overall. - As with Grade/Ye%r 4, this is a commendable performance because of
the d1ff1culty of teaching and learning problem-solving skills. Results on
Item 24, a one—step problem involving multiplication of, whole numbers,~indi-
cated strength while, those on Item 37, a multi-step problem invélving the — ’.

concept of area, indicated weakness. The two items are presented in Figure
46 - <

i ‘ ¢

R} ° .

- o
- 5 .

¢ e - 36 - T
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. 24. There are 25 members In the volleyball .
" club. if the cost for each uniform Is $24,

- " how much would it ?ost to buy new % of

°
) . unlforms for all the club members? R Students N
' ) A) $ 49 2
_ N * / ' B) $6000 3 .
7 \
. — ! C) $ 600 s1 4
D) $ 9% 2

K ‘ “ " E) 1dont know 2

-~

37. What Is the area of the shaded portion % of

é of this figure? Students
. o Y 0 ) 2
2 Y7 A S Sy
- I 5 | 28
. 0 120 1t
. . : 15 D) 60 / H
.' i " E) 1don't know 21

*Figure 4-6: Grade 8 - Items 24 and 37

Grade 12

¢
LN

The Grade 12 test was -administered to all students enrolled in Grade 12
whether or not they were currently taking a mathematics course. It was not
a test of any particular course, such as Math 10, Math 1l}, or Math 12, but

/’rather‘a test of students' mastery of a number of essential mathematical

skills and concepts which, for the most part, gﬁigstudents could be expected
to have acquired upon completion of secondary school. The content of each
item was from the Grade 10 level or below. Accordingly, thé results summar-
ized here should not be used to characterize the success of any partlcular
course, nor should they be interpreted as indicators of students preparedness
or lack of preparedness for post secondary courses in mathematics.

-
“

‘The seventy-two test items were grouped under eleven.objectives which
were themselves grouped into three domains. Student performance on each item
was rated by the Grade 12 Interpretation,Panel. Table 4-3 summarizes, for each
objective, the number of items where'performanéegwas judged as Weak, the

., number where performance was judged as Marginally Satisfactory and so on. -
For example, four items were used to measure Objective 1.1. Student perfor-
mance on.two of these test items.was judged as Satisfactory, and on the other
two, performance was rated as Very Satisfgctory. As with Tables 4-1 and 4-2,,
the abbreviated designations for the Panel rating categories have been used.

V4 - .
~_0On thg basis of the ratings assigned by the Interpretation Panel, it *
would appear that the Grade 12 results, overall, are slightly better than
the Grade 8 ones and nat as good as the Grade/Year 4 ‘results. Only three
of the item results were considered sxrengths, while sever were rated as

//wZaknesses. Of most concern is the,fact that five of the seven weaknesses

were in the Applications Domain, that is, in problem-solving.

¢

/"“V - ) A d
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7/ ) Table 4-3
Panel Ratings ff Grade 12 Mathematics Results

>

Number ’ ’
* )4 Number ,of Ttems by Category

) Objective : Items W MS S Vs ST
Domain 1: Computation and Knowledge Tt
1.1 Computation with Fractions 4 -, - 2 2 - )
1.2 Computation with Decimals 5 - 2 3 - -
1.3 Knowledge of Notation and

Terminology 14 - 2 6 4 2
1.4 Knowledge of Other Algorithms 7 © 2 3 : 1
Domain 2: , Comprehension
2.1 Number Concepts . 1 3 1 -
2.2 Measurement Concepts . 1 - 1 3 - *
2.3 Geometric Concepts LAF 1 - 2 -
2.4 Algebraic Concepts 9 <- 3 2 4 -
: /
Domain 3: Applications S Z
3.1 Solve Compu;aiional Problems 9 - g\\ N 3 2 - -
3.2 S8elve Geometry and Measure-
U mZLt Problems 7 - 4 - 1 2 -
3.3 Solve Algebraic Problems \ 2 = 1L -/ 1 -
. o K & [
7
TOTALS: 4 ‘ 72 7 15/ 25 . 21 3
\
* The Interpretation Panel declined to rate, performance oh one item in this
objective, . 1 . '
All three item resultq>which were rated strengths accurred in Domain 1. 7y

Two of these items concerned knowledge of the terms "factor' and "reciprocal,
while the third dealt with reducing a fraction to lowest terms. The students'
performance on the items #n this domain was quite satisfactory, and is indi-
cative of the fact that students completing secondary school are’fairly
competent in performing the four basic operations of addition, subtraction,

multiplication, and division.

»

One Of'tﬁe’Item results rated as a weakness in Domain 2 for Grade 12

5

was also rated a’ weakness among Grade 8 students. This was Item 18 (see Figure
4-4) from Objective 2.1, Comprehension of Number Concepts, and it concerned
basic fraction concepts. Only 51% of Grade 12 students correctly answered the
question. The only other weakness noted in this Domain occurred occurred

on an item dealing with familiarity with the metric unit for hass (weight).
Generally speaking, the students seemed to be ¥amiliar with some of the basic
metric concepts although some areas leave room for improvement. Secondary’
schools should implement™programs to familiarize all of their students and

especially those at the senior levels, with the mefri

¢ system of measurement.
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The results on five of the eighteen problem-solving items from the
Applications domain were rated as weaknesses, and fcur more as marginally
satisfactory. None were rated as strengths. Four of the weak results
occurred on geometry and measurement problems, one of these being Item 47
which was. discussed earlier as having resulted in a weak performance at
the Grade 8 level. The fifth area of weakness was noted on an item dealing

with the use of the simple interest formula, 7 = Iri, which was given along
with the item.

¢

; z of
Students “
69. Find the printipal, if the lntef;st A) $2000 9
recejved aftgr two years at an‘annual 7
1814 of 6% Is $60. B) $5000 " 48 O
/ N : C) $ 500 8 ,
D) s 720 17

- o E) I don't know 16

Figure 4-7: Grade 12 - Item 69

“
v 1

The results for the Applications domain level are disappointing. They
indicate that many stucdents are unable to apply the computational gkills
they have learned to certain types of problems. This seems to be especially
true in the area of geometry and measurement. Teachers and teacher educators
need to stress'the overriding importance of problem-solving in mathematics,
and their students need to learn strategies to use in attempting to solve
problems in mathematics. ‘ 4 .

One of the major fadtors to be borne in mind in analyzing the Grade 12
tesults is that students at this level vary considerably in the nature and

. extent of their mathematics backgrounds. . Almost fifteen percent of these .
students had taken no courses in mathematics beyond Math 10, the last com-
pulsory course. ' Just over thirty-five percent had taken or were taking some
form Qf Math 12 while the remainder had taken no courses beyond Math 11.

id

-

. oL '
On the avefége, the llath 12 grdup's results were ébﬁroximately twenty
percent higher than those of the Math 11 group which werq;in turn about
fifteen percent higher than the Math 10 group's. As a matter of fact, the
Math 10 group achieved at about the same level as Grade 8 students on those
items which were common to both tests. A comparison of the petformance on .
the three domains by the l.ath 10, Math 113 and liath 12 groups is shown in
Figure 4-8. For Item 69, displayed on this page, 73% 6f the Math 12 group

correctly answered the question, compared to 36% of the Math 11 group and
26% of the Math 10 group. : .

]

—

) . The low performance by the Math 10 group may be due parﬁggto their
having forgotten much of the material tested, as well as to t fact that
many of these students are among the least capable mathematically. . To; the
extent that these factors are important in determining the overall result,
if/bight_be advisable to consider requiripg all students to take more méthg—
matics or to consider postponing the taking of Math 10 by such gtude?ts
until Grade 11 or 12. It goes without saying that the more mathematics
referred to means more consumer-related mathematics and not more academic

mathematics. ’ a7

Q . ) E}Sa. —

{




24,8 ¢ . . <. o ) :
| MATH n' . : | - -,
e o3 .
R NATM 13 //‘ -—} ,
10.0 ¢ MatH 18 [[Hﬂ ) o =
) - T{ - . o
& 12.8 + . - I ) ) .
e.o4 N . ’ '
L AN ; —
* . - .- ~
4.81¢ / . . . '
: v 1 & é ’
17 7 v T o
‘I,/A , % l !% o T
‘!M' .yt’; i". A} -
s ”./"//j "\/'1 'i/,; -~ . e
Y - - .:LA" l;% - “y .
. ) oAl 57 P .
. l . R 1Y IR ) -
| —_
., .
k| ‘ 7 'W! .!i v LR *
_'\. o ! .
10.2 | m ¢ | A T; ‘ e !
-~10.8 ¢ H )
[\ L.!l!le ‘ | ° ‘ /
- .S e
-28.8 ¢ -ul Llhf"“-,-—
. -~ v
. ] ’ Q N : { T . S 4
-24.2 4 vomndke® DOHAIN 12 , DoMAIN 12T e,
' S e \ . \ * ‘.,
. - X » .
s T&gure 4-8: Comparison of the Performances - -~
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A numbér of the iters on the Grade 12 Afest dealt with consumer mathemaelcs
that is,_ withskiTls and concepts which students will hag& to_use in their
day-to=day live&. . The jitems dealt with topics such as.percent, discount, .
“tommission, interest, selecting the best price for an article, ude of formulae,
and reading graphs, road maps, and tax tables. Of thirteen such {tem r@sults,
seven were rated satisfactory or above while fiye were rated marginally satis~ R
. iﬁctory and one as a weakness. The item result rated‘a weakness was shown in | -
Figure 4-7. o o7 -

- - . o A

Consumer mathematics skills are of great 1mportance, and these résults . 45,
indicate- that many students are completing school without having mastered the

skills required.to solve sugh problems. Some initial steps #o correct this T8

. situation have already been taken (e. g., “the introduction of an elective course’
in Consumer Mathematics at the senior *secondary level, and the inglusion of a

unit on consumer mathematics in” the Math 10 course), and such initlatives should

. be endorsed by all teachers. All students shéuld haVe been taught the maJor ' .

concepts of consumer mathematics hefore completing secondary school and, pre- .

ferably, at the senior secondary level where such material is wore likely to .
be ‘of interest to them. '

-
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(television. It may be the case that the changes in perfqmmance are due to

. olds, the older children outperformed the younger
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5. REPORTING CATEGORIES
~ - .

Achievement in mathematics is the end result of the coalescing of a
great number of student-related factors, both extrinsic and intrimnsic.
Attributes inherent in the student, programmatic and curricular variables,
as well as the effect of environmental variables such as teacher differ- '
ences, all contribute in varying and largely unknown degrees to a given
student's performance. Of the fairly large number of such variables
which the conventional wisdom, currentheducatlonal practice, and educa-
tional research have identified as being linked to achievement in mathe-
matics, several were examined in the Mathematics Assessment.

There is a danger that reporting category data may be misinterpreted
as implying the existence of cause-and-effect relationships between two
variables when, in fact, no such conclusions are warranted. The data may
show that two variables are linked and seem to be related, but they cannot
be used to conclude that changes in one variable will cause changes in the
other. For example, the data may show that Grade/Year 4 students who watch
four hours of television per day obtained higher scores on the test than
those who watch less than that amount. This does not imply that students
who watch little television would improve their scores by watching more

the influence of factors other than those discussed here or to some combin-
ation of such factors. In other words, while the assessment data may show
that certain variables appear, to be related to achievement in mathematics,

this should not be interpreted to mean that one causes the other.
8

s

Age (Grades 4, 8‘ and 12) o L ’ ' e

At all three levels, the younger studer;s outperformed their older ’
counterparts. In Grade/Year 4 the nine-year= oldsr achievement surpassed . gﬁgﬁ
that of the ten-year-olds' whe® in turn outscored the eleven-year-olds. "
This is not a surpr§s1ng result since many. of the older students at ‘each
level have been progressing thfough the system at a slower than average
pace because they are less capable academically. ‘

& L . N

Of greater interest is.the finding that, .among Grade/Year 4 students
born in 1967, there is a relationship between date of birth and achievemert.
Children born in the first quarter of 1967 that is between January and
March, did better on all Grade/Year 4 test objectives than those born be-
tween April and December of the same year. In otggr words, among nine-year-

neg. The group differ-
ences were greatest on- the obJectlves dealing with Knowledge of Notation
and Terminology, Understanding of Measurement Conceptsjy Understanding of
Fraction-Concepts, and Problem-Solv1ng These findings, organized by'Bomain
are summarized in Figure 5-1. p‘:e ‘%‘ - ) _
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Previous research in"the field of Mathematics Education supports the
finding that, at legst in the early grades, children born in the first part
of the year have an academic advanEage over the others. It is important

. to note the contiruance and-the consistency ‘of this trend across domains
among children completing Grade/Year 4, and the size of the group differ-
ences particularly in those areas*df the mathematics curriculum which are
among the most abstract such as understanding of fraction and measurement
concepts. . ~ \

' = Thy ! . . 4
Sex Differences (Grades 4, 8, and 12) '

A comparison of the results obtained on each domain by males and females
> is presented in Figure 5-2. At the Grade 4 and 8 levels, boys outperformed
.+, girls on as/::rz§/db33ctives as girls outperformed boys. Girls had the
advantage on some objectives from Domains 1 and 2, while the boys' results
were higher ther objectives from Domains 2 and 3. In general, the girls
were superior on objectives dealing with skills and concepts which were .
P lower, on the scale of cognitive behaviours than those on which the boys - .
obtained hi results. .Most differences were not large whether in favour

" of the girls or of the boys. ' - -

\ . -
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Figure 5-2: Domain Results by Sex

- ‘ X ) .
When sex comparisons were made with the mathematics background variableée

controlled, the same general picture emerged. The males continued to obtzin

higher results, but the differences between the two Math 12 groups were small.

The differences were somevhat larger among the tath 11 group, and larger still’

among the Math 10's as is shown in Figure 5-3, 25
. ™7 * d I} reves
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Figure 5-3: Math 10, 11 and 12 Results by Sex*-
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Natioﬁél‘Origin and First Language (Grades &4, 8, and 12)

L4 : ‘ -0
r s f:f.
/

‘Number of Schools Attended (Grades 4, 8 and 12) " coT F

Al

As was mentioned earlier, the data on number of schools attended
indicate that over fifty percent of students have changed schools for
reasons other than change of level such as from elementary to secondary.
Twenty-five percent of the Grade/Year 4 students had attended at least
three schools. Forty percent of Grade 8 and sixty percent of Grade 12
students had attended four or'more schools Cot
‘ One of the findings of the 1976 assessment in Reading was that an
1ncrease in the number of schools attended was accopgpanied by.a decrease
in performance in reading at the Grade/Year 4 level. The same nd was
obse;ved with the Mathematics Assessment results at both the rade 4 and
8 levels. At the Grade 12 level, the results “do not indicatelany rela-
tionship between achievement and number of schoois attended except .that
those students who had attended eight or more schools scored lower than
all of the other groups.

Amount of Television Watched (Grade/Year '4)

“a

Many students spend considerable amounts of time each day watching
television. Over ferty percent of Grade 4 and 8 students stated they
watched at least four hours of television per day during the wdek, but
only eighteérn percent of Grade 12 students watch that much television.

Grade/Ypar 4 students who reported watching about four hours of
television per day performed better on the Mathematics Assessment test’
than other children. There was -a fairly consistent but slight-increase
in performance associated with an increase in television watching up to
a maximum of four hours per day. Students who said they watched no
television and those who watched five or more ‘hours per day performed
at about the same overall, level. The poorest performance was reg1stered
by the group that watched some televis1on but usually less than.one .
hour per day. . : '/ R

M, 1

Among students in Grades 8 and 12, studen'ts who watch one hour or

less of television per day obtained the highest results. Generally

jspeaking, an increase in amount of television watched wa$ accompanied

at these levels with a decrease in performance.
- %

N

-

\

~

Students were asked three questions concerning whether or not they
were born in Canada, and whether or not they spoke languages other than
English. On the bas1s of their responses to these questions, they wgre
categorized as belonglng to one of five groups, and the performancesiof
these groups on the three tests were then compared. .

.
»
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The definitions of the groups are somewhat complex, and.there is not
sufficient space. to dlscuaé them and all of the results here.. A more
thorough discussion may be f0uqd in the Test Results report.

. ’ 4

\
\

AL -
One of the fggz groups, C;%adian English-speaking, consisted ofLI\ ‘ B
students born in Canada znd for whom English was tnelr first language.

Students who were not born in Canada and who usualLy spoke a language

other than English before entering Grade 1 were tlassified as non-Canadian, h
non-English-speaking. The relatlve performances of these two gr0ups are
portrayed in Figure 5-4,
»
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((: Figure 5-4: National Origin and First Language

At the Grade/Year 4 level, the Canadianh, English-speaking students
outperformed all other students, including the’non-Canadian, non-English-
speaking ones on all three domains. Their advantage was greatest in
Domains 2 and 3, as might have been, expected because of the 1ncreased
importance of reading slills in those domains.
A reversal in this trend was noted at the Grazde & and 12 levels.
In both cases, the nor-Canadian, non-English-speaking group outperformed
the Canadian, English-speaking group on all three domains. »
These results should be interpreted cautiously because this is'a ) vl
complex issue. For example, students who were born in Canada and who
spoke a language other than English \i




Use of Hand-Held Calculg?Brs (Grades 4, 8, and 12)

/ ¢
N

At all three levels, students who said they sometimes used a calculator
at home obtained higher scores than those who did not. At the Grade®l2 level
those who sometimes used a calculatoy for homework' and those who some'times
used a calculator in school outperformed those who did not. These differerces

" were reversed at the Grade/Year 4 level, with the advantage being held by

those who had not used a calculator for homework or in school. Among Grade
8 students there was less consistency in the results with the calculator

group having the advantage on some objectives, and the non-calculator group
on others, :

X

v -

Time Spent on Assignmert$é (Grades 8 and 12)

|

Students who spend some.time on out-of-class assignments in mathematics
but who spend less than thirty minutes per day on such work obtained higher
results on the assessment test than those who spent no time on such assign-
ments or more than half an hour per day. Of the three'groups, the results
for those who spend ro time on assignments were substantially lower than
the other two on just about every objective. Results for the other two were
usually about the same with several of the differences being less than one
percentage point, | v

) o
Parental Educational Level (Grade 12)

The Mathematics Assessment test resSults showed a general pattern of
increase (sse Figure 5-5) in student achievement with an increase in the
highest educational level attained by the father or guardian. Two questions
wete asked concerning thé hlghest level of educ¢ation attained by the ¢father
(or guardlan)gand the mother “(or guardian). However, because the results
were similar whether 'the father's or the mother's educational level was used,
only the relationship between student performance and father's educational
level is mentioned here.

¥, ‘ o

Domain III
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Future Plans (GJade 12)

-
e

About twenty percent of the Grade 12 students plan to enter the labor
market upon completion of Grade }2, and the vast majority of such students
are from the Maih 10 and Math 1l groups. Of the almost forty percent of
Grade 12 students who plan.to attend community college or university, the
majority are from the iath 12 group. About fifteen percent of the Math 10

gtudents intend to continue their education at a community college or uni-
verstiy. t / -

l . ’

In each Domain, those students who said they intended to continue their
education at a university achieved ,the highest results. The poorest perfor-
mance ¢n this test of essential s)ulls was reglstereo By those students who
indicated they would seek full-time employment ugbn completion of set¢ondary

school. The results obtained in this reporting catecory are summarized in
Figure 5-6. s
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6. THE TEACHERS OF MATHEBMTIFS'

Data obtained from a number of the items on the teacher questionnaire
can be used to sketch the broad outlines of the nature and extent of the
training of teachers of mathematics, their involveméht in professional’
development activities, their membership in professional associations, and
their opinions about the subjects they teach. Such outlines should be
. 1Interpreted cautiously, and the f1nd1n$s should not be applied to any in-'

dividual teacher. . !
A

s

Teachers jof mathematics at each of Grades 1, 3, 5, 7, &, 10, and 12 were
systematical selected as potential respondents to the questlonpaires
which sere mailed out’ shortly ‘after the student tests were administered.
0f 3 451 ‘questionnaires sent out, 2-955 were returned completed. Returns
at each level were high enough (the oveérall return rate was 85.6%) so that -
‘there is a 95% chance that the results reported are a true reflection of
the results which would be obtained from a poll of all of the teachers of
mathematics at these levels, - ;
From one point of view, the general picture that emerges at both‘the
elementary and secondary levels is that mathematics is being taught by
experienced teachers with fairly extensive backgrounds in.professional
training. Onr ‘the other hand, too many of these teachers have had little
or no training either in mathematics or in the teaching of mathedatics.
Mor.eover, relatively few teachers of mathematics are members of profes-
sional associations spec&aliz%pg’in the .teaching of mathematics. '

The situation appears to be particularly acute at the Grade 8 level,
as wds also found in the Language Arts Assessment conducted in 1976. 1In
the first year of secondary school, where many of the foundations for future
work are laid, students need the gu1dance and direction &f the very best-
eprepared teachers of mathematics that can be provided. While it ma’y be
sunderstandable that highly qualified teachers of mathematics would prefer
to teach the mathematics content of the senior' grades, this must be balanced

against the needs of the students. Schools should ensure ,that at all levels,’

sbut particularly in the secon}laﬁrades, mathematics is taught only by
¢ persons adequately qualified to d®%so.

“\R Erofessional Trainin . . ' ‘¢
The average teacher of elementary mathematics has had-just over four,
S years of post-secondary education. In general, the number of years qf -
. training increases with grade level taught,. About fourteen percent of
elementary teachers have had no professional training in the teaching.of
mathematics, and anoﬁifr 35% have not had’such a course in the past ten

years.

oo ' The average secondary teacher has had sllghtlv more than five years .
- of post-secondary education. As with elementary teachers, an ‘increase in-
years of post-secondary education accompamies an increase in grade-level ,
- taught. Almost 35/ of teachers of secondary mathematics did not have
‘mathematics as one of. qhelr major Subject areas in their undergraduate
trainifdg. At the Grade & level; this figure apprpachg§,f1fty percent. O\

IERJ}:‘ 453 - v
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, teachers and one third of the secondary teachers had more than thirteen ‘

ERIC

\ N
Twenty percent of secondary mathematics teachers have had no training in
the teaching of mathematics, and anothe® thirty-seven percent took such
training more than ten years .ago. .
]
Teaching Experience

The results reporded—;n\?Eaching experience are based on grouped data
and are therefore approximations of the true figures. -All reported averages
are conservative estimates, i.e., the tFie averages are almost certainly
somewhat greater than those reported. “_

-

B The average number of years of teaching experience amongQIhe elementary
teacher respondents was §.5 years; for their colleagues at the secondary |
level the average was 9.2 years. Grade 12 teachers of mathematics had the
_highest average number of years of teaching experience, 11.1, and Grade 5
mteachers the lowest at 8.3 years. Just over one foyrth of the-elementary

years of ekperience. Less uha%551x percent of either grpup were in their
first year of teaching. >

\
Professional Affiliatioms ’ g

)

Fifty-six percent of primary teachers belong to the Primary Teachers
Association (PTA), twenty-five percent of intermediate teachers to the
Provincial Intermediate fTeachers Associatior, and twenty-seven percent of E
teachers of secondary mathematics to the B.C. Association of Mathematics
Teachers (BCAMT). With the exception of the PTA, other associations (no -
informatlon regardlng membership in BCTF was obtained) do-not seem to be ° ‘
attracting members in great numbers. of particular interest is the fact
that less *than three percent of the elementary teachers sald they belonged
to BCAMT the specialists' association for mathematics.

. . »

Professional Development s - )

-

[

Teachers of mathematics’ at the primary and at the senior secondary levels
areé much more likely to have attended a recent conference session or in-service
day dealing with mathematics than are teachers at the Grades 5, 7 and 8 levels.
The Grade 8 level is also the one with the highest concentration of teachers
of secondary mathematics with no university level background in mathematics
or the teaching of mathematics.- They also have the lowest rate of membership
in professional associations of the three secondary groups surveyed.

. A
-

o
-
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7. INSTRUCTIONAL PLACTICES ‘ ' - -

Samples of teachers of mathematics at each of CGrades 1, 3,.5, 7, 8, 10,

and 12 completed the Teacher Questionnaire. The four major sections of that

, questionnaire dealt with clzssroom organization, use of textbooks, “clagdsr®om
instruction, and the importance of certain mathematical content objectives.

The results for each of these sections are summarized below. ) .

Classroom Organization \ ’ <o ‘ ) ®

- [y

- . M

Questionnaire-returrs indicate that a considerable amount of time is-
spent in preparing for and teaching mathematics classes, and that the teaching
of mathematics is highly troditional in character. Puttgng:together the re-
sults of several items shows that the most frequently u%ed teaching t&cthniques
are total class instruction and teacher explanation. Among the most. commonly
used student activities arg individual work and textbook exercises. In other
words, and partgislarly at she higher levels, these results indicate that .few

organizational if¥ovations eXe being used in the mathfmatics cTasses of the
" province. ) R

-

#

"The average size of a mathematics class at the elementary level is 25. 0
at thes secondary level it is 29.4. The largest average class size occurs at
the Grade 8 level, where it is 30.6. The grade-by grade averages are as
follows® Grade 1 - 22.7, Grade 3 - 23.9, Grade 5,- 25.8, Grade ] - " 27.9,,

- Gradeé%-BO 6, Grade 16 - 28.5, and Grade 12 - 20.4.

EIEmentary teachers spend an average of fifty-one minutes per day teaching
mathematlcs, and an additional thirty-eight minutes in lesson preparatlon and
grading of mathematifs assifnments. Secondary teachers of mathematlcs who )
are more highly specialized and whp lik¢ly have fewer classes to prepare than
elementary teachers, spend aVerage of 176 minutes per day teachlng mathe-
matics, fifty-three m1nutes fh class preparat;on, fnd th1rty e1ght¢m1nutes
~grad1ng _;) /.‘, . . “ . . ) 3 . . . -,

- ! 4 A * ¢

+

The self- conta1ned claqsroom is by fa; the most 6mmon teaching situation
at all grade levels.c aut twenty peréghtoof Grade 7 teacbers indicated that
there was a degree qﬁ epartmentalazathon in thein classes: i.e., different
teachers for d1fférent subJects. Open’ areaqclass S an 1ng haVe
made some inroidds at the prirary level, buEJno at t /h{ﬁ%Zr gra levels .

P + [] "
N

. “J,f- © e o - .

< A large pnoportlon of teachers at&a 1@vels 1ndicated that, dditionf .Y
to total class 1nstruct10n, some form oﬁ ability grouping, and partially )
individualized instruction wcre used “in théaq mathematits clagsesa The use™ —= ~—
of total class instructian tended Lo 1ncreasgiw;th graoe level ,.while the’ - .

other two decreased - Y

~y ’ ‘, ry »
The most prevalent classroom act1v1t1gs in elementary mathematlcs classes

are indiv¥dual work, teacher explanatlon”?oral‘Vork drill on basic facts, and .

work on textbéok exercises. At the secgndary level they are individual work, ot

textbook exercises, and teacher explanatlon. The use of activity centres and.

creative projects for the teachlng of mathematféigis very, limited at both the’

elementary and secondary levels . . ‘* .

) c§§ . . a0 ‘
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Use of Textbooks _ . N

( - - &

"Almost all teachers of matheméélcs use one or more textbooks in their- &N\
teaching. The lowest rates of usage, 90.5% and 91.4%, were found to occur
at the Grade 1 and 8 levels respectively. Even.considering these two, it~
is safe to say that the use of textbooks in mathematics classes is virtually
universal at all grade levels.

On the whole, teachers: are quite satisfied with the textbooks they are
using, although many of them seem to be using "texts which are no longer on,
the prescribed list. The highest rating of dissatisfaction with textbooks
occurred at the Grade 8 level where thirty-six percent of the teachers ex-
pressed negative opinions. ‘

More elementary than secondary teachers prefer to have several prescribed
textbooks for a given grade. However, a clear majority of teachers at each
level would prefer to have several texts from which to choose rather than just
Qne. Relatively few teachers of mathematics have adopted a multi-text approach
. td the teaching of mathematics, if by that approach is meant the more of less

equal utilization of several texts. A‘maJorlty of teachers said they prefetr
to use one text predominantly and others-as the need or occasion arises. An
 overvhelming majority of teachers agree that there should be made available
. an outline of the minimum learning outcomes for mathematics at each level or
gradesrto guide them“in the selection of textbooks, materials, and activities.
The geptember 1977 version of the Mathematics Curriculum Guide has been revised,
+ to ificlude Fuch.an outline. .
\ ! ¢ . o
) + Teachers do not require their students to read very extensively from their.
mathematics textbooks. Among elementary teachers, there is a tendency for
those. in the higher grades to require more reading than in the lower grades.
Among secondary teachers, there is virtually no difference in this respect o
among teachers at the Grades 8 10 or 12 levdls.

All t?achers use their mathematics texts primar&ly as sources of exercises.
They appear to be used less freghently for purposes of reviewing concepts pre-
sented in class, and even less equently to develop new conceptfs. Teachers
at all levels say they do not want textB which place greatey emphasis upon
concepts and principles than upon skilYs and drill. They.particularly want

' textbooks to provide ﬂ%terial for drill and practice. \
\ \

Teachers ratings of varlous characteristics of annotated teacher's edi-
tions' of mathematics textbooks were positive but .tended to decrease as grade
level increaseg. In other words, all teachers seem to appreciate the value
of such editions, but they afe less 1mportant to teachers of ,the higher grades.

f Teachers were askéd to nate the prescribed texts with respect to four

factors. In general, the twé areas which seemed to be a cause for concern '

were emphakis on problem—solylng and on computation. At every grade level, -
sizeablelproportion of the, texts being evaluated were seen to be weak in

%hese twp areas.

|
|
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Classroom Instruction

0f five content areas, drill on number facts and computational skills
are the two on which elerentary teachers spend the most time. The least
time is spent on geometry, which may account for the relatively weak per-
B' formance students recorded on the geometry items. Secondary mathematics
¢ teachers spend the most time on problem-solving and algebraic concepts and
the least time on metfic measurement. With less than a year left before
. the metric ‘ynits are to be the predominant units used in the schools in all
. instructian, it was found that a majority of teachers are still using both
the metric and British units of measurement in their teaching.

\
|
|
|
1
All seven groups of teachers surveyed were ashed to rate the usefulness
of a number of tdaching resources. They all agreed that the students' text-
book was a useful resource, and elementary teachers felt that the a mpany-
ing teacher's guidebook was useful. District mathematics specialists and
supervisors were given the lowest ratings of the resources on the list, but ;
|
|

this may be due to the fact that such personnel are not avahlable in every .
district. - -

In ranking sixteen factors purported to affect mathematics instruction,
elementary teachers gave high priority to eight. 'The eight items can be ‘{
+» organized into the following three groups: teaching load -- reduction of
class size, réduction of total pupil load, and greater release time farj
lesson preparation; materials -- more mathematics manipulative materials
for individual clasgroous, textbooks more suited to instructional needs,
curriculum guides that outline content in specific terms, and curriculum .
guides that offer more assistance in the instructional process; training --
more effective in-service and professional development. Secondary mathe-
matics teachers gave higii priority to the following four factoxs: reduction
of class size, textbooks nore suited to 1nstruct10nal dgeds, ability grouping. .
of students for classes, and reduction of total pupil load. \ '
\ * \
‘Some interesting trends were identified from the data gathered concer-
ning the frequency of use of selected media, materials, and methods in th® -
teaching of mathematics. Llementary teachers make frequent use of only . -
. one medﬁum, the chalkboard, in presenting mathematics lessons. Though the *
overhead projector is making some inroads, the chalkboard is also the most
. popular teaching aid among teachers of secondary mathematics.. Elementary
teachers tend .to makc frequent use S’fmore different materials than secon-
~—dary mathemat¥cs teachers and teachér- ~prepared materials head the lists
among all groups of teachérs surveyed.

y
-

‘Total class-instruction and individualized instf&:tion rank first and .
second in frequency of use of methods for presenting thematics instruction
‘for all groups. These twokmethods rank well ahead of any other method Tisted.
Learning centres were used. ‘much more often by ‘primary teachers than, by any

-~ other groups.. : e

.
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All}teachers yere in substantial agreement that elementary students
should not be allowed to use.hand-held calculators and that senior secon-
dary students should be. If student,s are permitted to use hand-held
calculators at any level, teachers say that they should not be allowed
upréstricted use and they should not be allowed to use hand-held calculators
during test5. ™Teachers whose students do use hand-held calculators report
that their students are allowed to use hand-held calculators to check work
as well as to shorten computation time and effort in class work and on non-
test assignments. Hand-held calculators are also used to offer enrichment
experiences. Llementary teachers use hand-held calculators to show students
how to use calculators, to shorten computation so that concepts may be

, covéred in greater th, and to show multiple examples of concepts.

' 3

Over seventy percent of the teachers of secondary mathematics reported
that computers are not used for instructional purposes in their schools.

Another seventeen percent responded that computers are used for instructional
purposes in their schools, but that they do not use computers in their mathe-
~matics classes. In other words, relatively few teachers of secqndary mathe-

matics make use of the computers with their classes.

’
.

feachers were asked to“/Zte eight evaluation techniques, four teacher-
prepared ones and four other-prepared, according to the importance they |
attached to each. Elementary teachers rated each of the four teacher-
repared evaluation techniques well aﬁove any of the other- prepared ones.
‘Eecondary teachers of mathematics rated teacherﬁﬁ ed tests far abqve
any other, evaluation technique. They also attache considerable importance
/to evaluatlng of performance on assignments and teacher observatlon of
students' work. N

Among-the sources ¢of mathematics ass1stance listed, a majority of ele- -,

méntary’ teachers reported the ava11ab111ty of only opé, the mathematics
resource person at thé\Qistrlct level. . A slight majority of secondary
teachers reported the availability of mathematics assistance from Learning
Assistance Centres and of mathematics resource personnel at the+school level.
A Substantial proportion of both elementary and secondary teachers said they
did not have access to Learning Assistance Centnes for mathehatics. ) ‘

w
*

About fif teen ;ercent of the elementary teachers reported that t ey had
mathematics .programs designed by the teachers of that school to serve as.the
basis for mathematics instruction. A majority of the secondary mathematics
teacthers reported' the existence of such programs.

Grade 8 and 10 teachers agreed that students should spend less than
. ] . 3 N € .
thirty minlites per day at out-of-class time on mathematics assignments.

Grade 12 mathematics teachers felt the students should spend thirty to sixt%/jt\*\

minutes per day on such work.

L2 -
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Importance of Selected Curriculum Objectivés -

AlI but thefgyade 12 teachers were pre§ented lists of possible mathe-
matics learning outcomes for their specified grades. hey “‘were asked to
rank each learning outcome on a scale from 1 (Not Important) to 5 (Very
Important). Relative to this~sca¢?,t6nly about teh percent of the learning
ougcomes were given below average rankings. ‘As might haye been expected,
the computation-oriented learning outcomes were given high ratings. 'All
of the Grade 3 learning outcomes that were ranked greater than 4.0 were
computation-oriented. The geometry learning outcomes were given relatively
low rankings By all groups of elementary teachers. Order of operations
was ranked second out of twenty-one learning outcomes by Grade 7 teachers, .
but the order of oﬁe{é;ions item on the Grade 8 Mathematics Assessment&kest*&
yielded the lowest performance on the test. Learning outcotes' that, were, o
common .to Grade ;/ and 8 were.given similar ramkings, in mostlcas%é/}by
both groups.of teachers. Grade#10 teachers followed the patternsWhich had

-been established by the other groups by giving the cemputation-oriented
learning outcomes ‘high ratings. Grade 10 mathematics teachers also gave

high ratings to two geoﬁéfry and three algebra learning outcdmes.

—

¢

Results concerning minimal mathematics objectives for gradyation from
secondary school showed very clear patterns. All seven groups of teachérs
put a high premium on graduates being able to perform tﬁ:jéinr basic oper-
a;ionsﬂyith whole numbers, fractions, and decimals., TheX also felt it was
essential that graduates be able to apply their mathematiecal knowledge imn
both physical-world and consumer-related situations. All teachers agreed
it was essential for graduates to be able to use the metric units of med-
suf@ﬁ%nt. Differences "of opinion between elementary teachers and secondary e
- teachers of mathematics appeared to be over the more teéchnical agpects of
mathematics. The two groups disagreed over ‘the relative dimportahce of being
able to apply the Pythagorean Theorem, evaluate an algebraic expression, and
‘use basic formulas for area and volume with secohdary, teachers assigning®a
higher priority to each. ’ o
. . . 4 .

All teachers surveyed %greedlthat mathematics courses for Gfadefﬁ, 9,
and 10, -should continue to. be re uirgﬁ. Elementary teachers reacted slightly//*
more strongly than the secondary mathematics teachers thdt there should be
a required mathematics course for Grade 11. Elementary teachers indicated
Py a three-to-onk mar%iijghat a mathematics course should be required in

"~ Grade 12.. Less than fifty percent of the secondary mathégggips teachers
ghared this opiniesn, / \ . - '
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8. RECOMMENDATIONS ’ >

=

Analysis of the test results and of the information obtained:from the
questionnaire administered to teachers resulted in the formulation of a
number of specific recommendations for change. The recommendations, which
were stated in the Test Results and Teacher Questionnaire reports, ,are "
presented here as the conclusion of She Mathematics Assessment reports.

The recommendations have been grouped under several headings, with each
grouping consisting of recommendations directed at the particular group or
institution which-was judged to be primarily interested in or responsible for
those areas. The notations in parentheses following each recommend tion
refer to the location of the recommendations in the general reports. For
example, TR 3-1 refers to the first recommendation in Chapter 3 of the Test
Results report, and TQ 4-2 refers to the second recommendation in Chapter 4
of the Teacher Quest10nna1re report.

v

’ .
8

The M1n1stry of Education:

/

- should ensure that all persons teaching mathematics at the elementary school
level havle, as a required part of their training, the equivalent of at least
one course in the teaching of mathematics and one course in mathematics for
teachers. (TQ 2-1)

- should ensure that all persons teéaching mathematics at the secondary school,
level have mathematics as one of their major areas of undergraduate studx, . )
as well as training in methods of teaching mathematics. . (TqQ 2—2)

The Curriculum Development Branch of the Ministry of Education:

-
-
> ]

- should undertake the development of a list of mathematical terms which .
studepts should learn, as well as a, teaching sequence for developing this
-vocabulary. The list and sequence should take into account the developmental '
nature of the acqulsltion of meaningful mathematical vocabulary' (TR 3-3) .

<N
- 8 1d ensure that materials for teaching the metric‘system of measurement
are available in/jl} schools. (Th 3-5) : 5
- and educationa}researchers should address the problem of the optimum time °
‘for introducing fraction concepts in the mathematics classroom, bearirng in

mind children's age,” their level of development, and the soph1sticatiow of .

the ideas involved. (TR-3-7) ] T
4 - ' - . !
R
- should consider the impact of the use of hand-held calculators in mathematics
classrooms at vdrious levels, and provide guidance to teachers of méthematics
regarding the most appropriate uses of these devices ln their teaching. (IR 5-3)

—\should examine the situation with regard to the ,teaching of percent and its
applications, and give specific suggestions to teachers regarding appropriate
matefials to be used in teaching these topics. (TR 5-5)

>
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. v
- should give immediate and serious consideration to ways and means of ensuring
that all students completing Grade 12, have been taught the maJor topics of
consumer mathematics. (TR 5- 8) : - .
-.should reconsider the nature and the scope of the geometry curriculum at the “
secondary school level. (TR 5-9) )

- should provide teachers of mathematics with an outline af the minimum learning .
outcomes at each level or grade to aid them in the selection of textbooks,
materials, ‘and activities. (TQ 4- l) . , !

-

.= should conduct a study to discover why so many elementary teachers are 'still

using Seeing Through Arithmetio texts even though they are no longer pre- -
s¢cribed. (TQ 4-2) ' ' .

. 2
§

~ along with schdol district curriculum specialists and textbooks publishers,
should take steps to ensure that mathematics textbooks for all grades are~

designed to be easily read by the students, inasmuch as it is possible to do so.
(TQ 4- 4 4-7)

5
.

- and persons responsible *for the approval and adoption of mathematics textbooks
at the Grade 8 level, should take under advisement the concerns expressed-by
Grade 8 teachers regarding the level of emphasis on computational skills and
problem-solv1ng 1nathe prescribed textbooks., (TQ 4-9) . ‘%

'_\Ssbgol Districts: | . ) i ' .

/ 1

o= and school districts should ensure that materials for teach1ng the metr1c

~ should explore ways-and means of making specialists' serv1§es more readily

available ard of more benefit to teachers of mathématics. (TQ 5-1, 5- 2)
- should ensure that Learnirg Assistance Centres which provide remed1al
- services in mathdpatics are available in all schodls. (TQ 5-4) .

o , ' : T -
Schools: -7 L -0

-

N4 .. _ “;q/-" , 3
- should prov1de elementary téalhers with appropriate manipulative devices
for the teaching of place value concepts and of operations on numbers. CTR 3-1)

s

system of measurement are available in all schools. (TR 3-5) )
\ —~ - (Y . P

- iy . * N .
- should encourage more female students to continue their studies in mathematics
at the senior secondary level. (TR 5-1) . -

-~ should implemént programs to-familiarize all students, but especially those
at the senior secondary levels, with the bas1c concepts and principles of
_the metric system of measurement. (TR- 5-4) .

~

. R s

~ shotld apply for group membership #n various subject-matter specialist assoc~

iations, thereby making ‘the benefits of membership available to all staff
members. (TQ-2-3) T ..

~

-~ should ensure that all secondary mathematics courses are taught by only those
teachers who are qualified to do so. ‘Partifcular attention in this regard
should be paid o the Grade 8 level. (TQ 2~4) .

- S
s . ' \

- ‘
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Teachers of mathematics and curriculum developers:

~ should encourage the use of appropriate learning aids for the teaching of
place value concepts and of operations-on numbers. (TR 3-1)

.

‘e
" - and teacher. educators, should stress t?égoverriding importance of place ‘value
concepts and the necessity of deyeloping understanding of place value concepts

by using concrete learning aids.

- at both the elementary and secondary levels should .emphasize classroom,
school, and local situations for developing 'real"problem—solving experiences
which will Be relevant to théir students. (TR 3-8, 5-7)

- should take special care to'la§ the foundations for understanding of the expan-
sion of the,numeration~system to the decimal form of ragional numbers. Under-
. standing of the decimal form of rational numbers should then be used to improve

performance with the four basic operations with decimals. (TR 4-1)
N

Y

- should place more emphasis upon decimals and operations with decimals than
upon fractions. (TR 4-2) (

. g )

~ should emphasize the 1myortan¢e of geometry and measurement at both the ele-
mentary and secondary levels. (TR 4-3, 4-5)

- should emphasize the topic of equivalent forms of rational numbers. Students
need many experiences of starting with a rational number in fraction form,
decimal form, or percent form and writing it in the other two forms. (TR 4—4>

~ should place greater emphasis upof™the topic of o6rder of operations if this
topic 4s to remain a part\of the mathematics curriculum™of the elementary
grades (TR 4-6) LT \

- at all levels should stress the overriding #mportance of problem-solving in
mathematics, and they should attempt to teach their students various strategies
to employ in attempting to solve problems in mathematics.' (R 4-7, 5-6)

- at all levels should place more emphasis upon teaching students how to read

' mathematics texts with understanding. (TQ 4-3, 4-6)

- at all levels should vary their teaching approaches to include such tech-
niques as the use of learning centres and mathematics laboratory activities.
(TQ 5-3)

—~— , ¥ ° . _—
Those imvolved in the education of teachers: ., ; 4

- whether pre-service or in-service, are A{ged‘to-emphasizeﬁthe importance of

having students use manipulative devices'as models for mathematical concepts
and skills at all times, but particularly when such concepts and skills are
being "introduced for the first time. (TR 3- 2)

a

-

1 ~ should organize‘wqushops and conferences dealing with the metric system as

a follow-up to what has already been done. Such workshops and conferences
should emphasize the best materials and methods to be used in the teaching
of measurement, and they shouldtstress the importance of students obtaining
"hands-on experience" in measuring in order to facilitate the development
of their ability to "THINK METRIC" (TR 3-6)

: 97

-




52 t L .

school mathematics curriculum: (TR 4~3) ;
’ - 5 ) i )
e - should encourage their students to develop the skills required to use alter-
’ " native teaching strategies such as the use of learning centres and matbemqtigs-
laboratory activities. (TQ 5-3) . ‘ .

v . - should\emphasize the importénce of dpstruction in geomezry in the elementary

. Educational researchers: _ . ( ‘

- should attempt to ascertain why such a high.proportion of female students )
do not continue to study mathematics beyond the level of the last cempulsory
: *  course, Mathematics 10. Such research. should be given high priority by the
Ministry of Education.” (TR 5-1) ' -
- and supervisors of }nstrudtion should invéétigqte the way;tin which mathe-
matics textbooks are used at all levels in an attempt to clarify the /
interaction between teacher-bdsed discussion and textbobk-based discussion.
©(TQ 4-5, 4-8) '

'

- should investigate in greéﬁer depﬁg:;;;:§;lationship.behween achievement
in mathematic¢s: and such student background.variables as age, sex differene S,
number of schools attended, amount 6f television watched, national origin and’
first languageg use of hand-held calculators, time spent on agssignments,
@@renta} educational leve{, and future plans. , ; %; : v

5 . 4 .
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SCHOOLS OF THE PILOT TESTING =~ . {

The authors of this ;eport are very grateful to the administrators and _ _
.. . staff of tie f0110w1ng schools which _participaied in piloting the ' . .
"t student tests in tre autumn of 1976. ‘ . L

-

R

Grade 4 P11ot1ng o s . ..t

DoygTas Road E]ementary, Burnaby School District
Hillcrest Elementary, Coquitlam Schedl District

King George V Elementary, Prince George School District ’ (
- Lakeview Elementary, Burnaby School District . :

MacDonald Elementary, Vancouver Schoo] District '

Muriel Baxter Elementary, Cranbrook School District :

Sir William Van Horne Elementary, Vancouver Schoel D1sirict

M

Grade 8 Piloting - . .

Alpha Secondary, Burnaby School District
‘donnaught Junior Secondary, Prince.Geqrge School District . . .
Gladstone Secondary, Vancouver School District .
o Handsworth Secondary, North Nancouver School District !
’ Kitsilano Secondary, Vancouver Schpol District
Laurie Junior 'Secondary, Cranbrook\School District
Mary H111 Junjor Secondary, Coqu1t1am Schoo] D1str1ct

‘Grade 12 P11ot1ng L *

.7 Alpha, Secondary, Burnaby School District
Gladstone Secondary, Vancouver School District
+ Handswgrth Secondary; North® Vancoeuver School District
. Kelly Road Secondary, Prince George School District
) - Kitsilano Secondary, Vancouver School District
¢ . ' ~ Mount Baker Secondary, Cranbrook School District
: Port Moody Senior Secondary, Coquitlam School District

LS
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{CASTLEGAR REVIEW PANEL

Review pane]s comprised of educators and menbers of the lay public were organ-
ized "in the autumn of 1976 a; four provincial centres to examine and amend the

propesed ebjectives of the m
developéd. -

Al ’

Mr. Jack Allen, Supervisor
Crapbrook School District

Mr. karny Cerny, Teacher
Fernie School District

-Mé. Sheila Crane, Teacher

Arrow Lakes School District

Mr, Jack Edson, Teacher
Nelson School District ,

. Mr. Dale Fike,'PersonneJ Offic
Cominco, Trail (/jﬂL‘\l\\ i
" Mr. Bruce Gerrard, Teacher ,

Castlegar School District

Mr. Tom GouGeon, Teacher
Cast]ega School District

Mr. Tom. dohnson Teacher .
Nelson 8chool District .

Ms. §oan Knowles, Teacher
Castlegar. School D1str1ct

Mr. Peter Mak1ev Teacher
Nelson School D1str1ct

Mr.. Gary MltcheJl Teacher s
Cranqrook School D1str1ct

Mr. Bruce Morr1son Teacher
ArrpwoLakes School District

Mr. Sebd&tiaﬂ Nutini, Supervisor
Trail School District -+ -

Mr.” Frank Perehudoff, Teacher
Castlegar Schoo] District

Mrs. Jean Ry]ey, Primary Co- 0rd1nator

Cranbrook School District . oae

t

Mr. Dan Shimizu , Teacher

_Trail School District . -

Mr. Ma¢ Sinclair, Selkirk

‘Community College, Castlegar

Mr. Satoshi Uchida, Teacher

_ Castlegar School District

Mrs. AdeYe Yule, Homemakér
Castlegar

MATHEMATICS REVIEW PANELS

themat1cs assessment before the student tests were -

.
- {
"~ -

. . & \
RICHUOND REVIEW PANEL . . .

Mr. Dominic Alvaro, Teache} «L
North Vancouvar Schoo] D1str1ct

Mr Peter Beugger,. E]emEntary )
Consultant, North Vancouver Schoo]

District.
Teacher ("\v

Mr. Robert Campbell,
Richmond School District-

Ms. Evelyn Grimston, Teacher
Burnaby School District

Mr: Don Heise, Teacher
Burnaby School District

Mr. Henry Janzen, Teacher
Delta Schodl District ,

Mr. Ted Kagetsu, Teacher
Richmond School District

Mrs. Madeline Noble, School Board'’
Mémber, Richmond School District

Ms.'Linda 0" Reilly, Teacher

"Vancouver Schpol Districte

Mr. Garry Phillips, Teacher

New Westminster School D1str1ct ‘.

ducati

Mr Bernie Preg]er Continuing
1s%r1

Administrator, Coqu1t1an School

Mr. Dave Rivers, £ducat1on Serv1ces»_
Officer, Br1t1sh Columbia School
Trustees Association, Vancouver

Ms. Pat Takasaki, Teachee .

~ Kichmond School District

" Mr. Q&an‘Taylor, Teacher - ™~
' Coqui N

" Mr. R. Bfuce Woqd, Teacher

lam School District

Vancouver School

1

&

istrict
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HANEY REVIEW PANEL

Mr. Ken Abramson, Teacher
Chilliwack Schogl Ddistrict

Mrs.

Maple R1dge

F°
+

-~

e,

5

A

“Mr. J. A111sta1r Brown, Chartered

Accountant, Maple Rjdge
Mrs. Helen. Casher, School Board

Mary Ammerlaan, School A1de

g

Member, Maple Ridge School Disgrict” -

Mr. Mike Cianci, Teacher
Kamloops School District

Mr. Richard Collins, Teacher
Coquitlam School District

Mr. Sgmes Connor, Supervisor
Maple Ridge School District

»

L4

Mr. Neville Cox, School Board. .
Member, Mission School District -

Mr. Alan Davies, Teacher-
Coquitlam School District

Mrs. Grace Dilleyy Curriculum
Advisor, Surrey School-District

Mr. Gedrge . Eldridge, Teacher
Kamloops School District

Mr. Len Fowles; Brincipal
Kamloops School District

Mr. Roger Freschi, Teacher
Coquitlam School District

Mr. Ralph Gardner, Supervisor_
Coquit]am Scheol District

Mr-. Kiyo Hamade\ Teacher >
Langléy School District

“Mrs.. Lynda Haylow, Homemaker
Maple R1dge .

Mr. Peter Koropatn1ck Teacher
Ch%111wack School District

Mr. Roy Kurita, Teacher

, Surrey” School District

Mrs..0zan McSweeney, Teacher

_ Chilliwack School.Ristrict

Mrs . Marion Mussalem, \
Homemaker MapTe Ridge

Mrsn Mary Wright,- Teacher
Langley Schoo] District

4

;

~

" Mr. Daryl McIntyreg Pr1nci§a]
. Sooke School District - -

57

JVICTORIA REVIEW PANEL

o

Mr. George Atamanenko, Tewn
Planner, Victoria

Mrs. Jean Barnes, Teacher
Gulf Islands School District,

Dr. William Bloomberg, Forest
Chemist, Victoria -

Mr. Geoff Booth, Teacher
Nanaimo School District }

Mrs. Kirsten Cox, Teacher
Qualicum Schapl District:

Mr. .William Date, Teacher
Qualicum School District

Mr. John Epp, Teacher
Sooke School District

Mr. David Harris, Teacher
Victoria School District

"Dr. Harold Knight, *School Board

Member, Victoria School District

Mrs. Helga Lenke, Schoo] Board
Member, Lake Cowichan School District |

Mrs. Rosemarie Lowe, Teacher
Sooke School' District

Mrs. Betty Morphet, Teacher

- -Lake Cowichan School District
"Mrs.

Margaret Nelson,; Homemaker
Victoria .

Mr. Arthur Olson, Principal
QualiCum School District

Ms. Linda 0'Reilly, Teacher
Vancouver School District

Mrs. Margaret Strongitharm, Teacher
Nanaimo School District

Mr. Brian Tetlow, Teacher
V1ctor1a School District

Dr James Vance, Faculty of Education
University of Victoria .

d
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Review Panel with the ‘Mathematics Revision Committee .

- In October of 1976, the Contract Team met with the following members of the
Mathematics Revision Committee to obtain their opinioqg’vnuthecproposed
design of the mdthematics assessment: ) .ot

- Mr. James Bourdon, Supervisor, North Vancouver School District

Mr.
Mr.'
Mr.
Dr.
Mr.

Ronald Edmonds, Teacher, Victoria School Distritt
Earl Johns', Teachﬁr, Vafcouver School District
Stan Heal, Teacher, Courtenay School Disz:ict'

Elizabeth _Kennedy, Faculty of Arts & Scie ce, University of Vietoria _

William Kokoskin, Teacher, North Vancouver Schaol District

[N

Mr.- George Nachtigal, Teacher, Abbotsford School Pistrict

Mr. Willard Dunlop, Consultant, Curriculum Development Branch, Ministry of
Education :
‘.‘\ . I‘ r-
~ AN L -




. 'Mr Dominic. ATvaro Teacher,. North Vancouver Schoo] District

1UN ] X =
. ~ 3
. - -1

-
»~

The folloywing three panels contr1buted/to the 1nterpr5tat10n of tcst reruTts by
rating the pup11 performance on each item.. .

2 3
’ ¢ 4, .

Grade 4 Test Interpretat1on Panel

» . . N &
Mr "Jack Allen, Superv1sor, Cranbrodk School District ~ . R
Mr. James Bourdon, Supervisor North Vancouver School Distwict . -t

Mrs. Jacquie Boyer,-School Board Member, Coquitlam Schootl District - .
Mrs. Grace.Dilley, Curriculum Advisor, Surrey School {District . :

Miss Evelyn Grimston, Teacher, Burnaby School District .
Mrs. Jean hall, Homemaker, Vancouveh\ ~ _ . .
Mrs. Helen MacDonaTd School Board Member, Mission School District )

Miss Pat Montgomery, Teacher, Vancouver School District

Miss Pat’ Pendewr, Teacher, Vancouver School D1str1ct

Mr. Ed Richmond, Factlty of Education, University of Victoria

Mrs. Anne Robarts, Teacher, Varicouver $chool District ‘ o ‘ .
Mrs. Shirley Rudolph, Teacher, Vancouver,Schoo] District . % .
Ms. Pat Takasaki, Teacher, Richmond School District o .
Dr. John Trivett, Facu]ty of Education, Simon Fraser Unjversity. . . =~ * -
Mrs. J. L. W1sentha1 Homemaker, Vancou r ’

Grade 8 TestHIoterpretation Panel ',\\ T (/

|

Dr. Irving Burbank; Faculty 'of Educatioh, University of~V1ctor1a : S .
Mr. Robert Campbe]? Teacher,. Richmond School District
‘Mr. Richard Collins, Teacher, 'Coquitiam School District . -
Mrs. Ishbel E1liott, School Board Member, Richmond School D1str1ct oo—
Mrs. Barbara Girling, School Board Member, Surrey-School District

Mr. Don Heise, Teacher,’Burnaby School District >

Mr. Henry Janzen, Teacher, Delta School District - :
Mr. William Kokoskin, Teacher, North Vancouver School District ' < \,/
Mrs. M. Mussalem, Homemaker, Maple Ridge X . )

Mr. Tomo Naka, Principal, Nelson School District

Mr. Sebastian Nutini., Supervisor, Trail School District- .
Dr. Douglas Owens, Faculty of Education, University of British CoTumb1a ' Y4
Mr. Thomas Poulton, Teacher, Delta School District -

Mr. Br1an Tetlow, Teacher V1ctor1a Schoo] District

.Grade 12 Test Interpretat1on Panel . e . } | - |
. —) R b

. Dr. Thomtas Bates, Faculty of Education, University of British Columbia

. Mr. Peter Begnson,"Directpr of Education, Inst1tute of Chartereg Accountants,
North Wancouver ' /

Mr. Neville Cox, School’ Board Member, Mrss1on School District

Mr. Michael Downing, Supervisor, West Vancouver School District

Mr.* John Epp; Teacher, Sooke School District

Mr. lan Hooper, Teather, Vancouver Schoal District . .

Dr. Ted Horne, Faculty of Educatiomy University of Victoria

Mrs. Diane McKendrick, School Board Mémber, Powell River School District

Mr. .Frank Perehudoff, Teacher _€astlegar School D1str1ct

Mr. Bernie Pregler, Continuing Education Administrator, Coquitlam ‘School D1str1ct

~ Mr. Mel Richards, Principal, Richmond. School District

Mrs. Ona Mae Rqy, President, B. C. Home & School Federation, Port Moody .

Mr. Alan Taylor, Teacher, Coquitlam School. D1str1§t ‘ X , "

Mr. R. Bruce'Wood, Teacher, Vancouver School’District
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